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PUEFACE 


T HLS book in inU'ndod primarily for HfcudcritH of Botany. Such a | 
Ktucloiit H km>wh‘(Ig(‘ (d‘ |)lant productB is uaxially obtained, on the 
one from Organic OhturUHtry, on the other hand, from Plant 

PhyHiok^gy; d>etw<‘en tht*He tAv<^ HtandpcnritH there in a gap, which, it fn 
lioped, the following pagen may help to fill, .ft is (iHHentially a text-book 
for pri«!ti<ml work, an unpexst (d' Plant BioclKuruKtry which han rcKMjived up 
t<» the proHCnt time veny little etuiHideration in t(‘nching. A number of 
eXfmrimtmtH have heejHievi.Hc*d and have. Ikhui actually tcBtcd in [aacticMl 
«*JaaHeH. 'ilioHe t‘xperiiiientH Hliould (mabU^ a Htudent to e.xtra(d/ from the 
plant itwdf iht* cdiemical «*onnK>undHof which itiBconHtituted,an(l to huini 
Houiidihing of their pro|MjrtieH. An t^lemaritary knowledges of Orgjuiic 
(jhimuHtry on the part of tht5 Htudesnt ha.s Imeti JiHSunuid, as it appoaresd 
HU|M 3 rfluonH U> ineor|K>nitt» this material which has already been bo amply 
prc!iii*riti.sl in iiiriitrncembh* text-bcMikH. 

My HiriCisrcHt thanka are due to I )r F. F. Blac|cinan, F. R.S., for crii-iciHm 
and many BiiggCBtioiw thrcaighout the writing of the b(H)k. I am furthesr 
indebted k) Mr II. Itaiiitrick, M.A., ftir help in varioiin ways, csHpecially in 
ri»4M'ling the 1 wish, in addithm, to exprijss my gmtitudts to 

Profifiificir F. Cl. Hopkins, F.RS.t for the great intcirest he has always shown 
in the siibjeet iitid for his kimlancl stimulating advice in c<ainexion with 
the schcfirie of teiichiiig prifminteci in the following pagt^s. 

M. W. 0. 


CAMiitinsjK, 

F§brmj^rgi 
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CHAPTER 1 


INTllODlKn'rON 

TIuh cliMptcH* nhculd be re-read after the remaining chapters have been studied. 

All plantH aire nut(l<^ up of a couiplex organijied mixture of chemical 
HubHtauceH, both organic and inorganic. As a preliminary to the study 
of plant cherniBtry, the Btndent should realize that the chemical 
compounds which make up the living plant may be approximately 
grou|>ed into tin* four following classes. Thus, in later chapters, when 
reference in made to any plant product, it will be understood, broadly 
speaking, to wliieh class it belongs, and what relationship it bears to 
other chemical compounds. 

The main cbisHes may be enumerated as follows : 

(1) OarbohydrateH, Those contain only carbon, hydrogen and oxygen. 
The simplest members are the sugars, which arc aldehydes and 
ketones of polyhydrie alcohols of the methane series of hydrocarbons. 
The more complex carbohydrates, such as starch, cellulose, dextrins, 
gums and mucilages, are condenmition products of the simpler sugars. 
The sugam are found in solution in the cell-sap of living cells throughout 
the plant. C jellulc^e, in the form of call-walls, constitutes an important 
{mrt of the Btnieturc^ of the plant, and starch is one of the most widely 
distributed mil id ** reserve materials/’' 

(2) FixM. Theses also contain only carbon, hydrogen and oxygen. 
Chamically they are glycerides, that is glycerol esters of fatty acids. 
These acids are derived from two series of hydrocarbons, i.e. the 
methane series and the olefine series, and- they usually contain a large 
nuinbiBr of ciirlKiii atoms. The fate c^eur as globules diBposited in the 
^lls, os|M»ialIy in the tissues of seeds where they form reserve materials, 
though they also occur in other parte of plants. The acid components- of 
th© &te mm also, found in the free state. , 

^rhe wrbohydrates and the fate both belong to the aliphatic series of 
- organic compounds, that is to. the series in which the cwbon atoms are 
■ united in chains* 

- (8) Armimtm mmpoumis. These are characterized by having the 
carbon atoms united in » ring, m in benzene* They may contain more 
th«i ont carbon ring, and, mor^vw, idiphatic groupinp may be attached 
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INTRUDI^-jriON 


sii!Mt4Hic€^s in the plant, seme of which may hi- inclmh**.! with the , 
■while fathers form additional small m for iiistaiiee, th*- 

alkaloids: others, again, bear no c\<^. relationship to any class, such 
tilt* iill-iiiijM>rtant pigment, chlorophyll 

In order to appreciate the subject of plant chemistry, the plant, 
wliirh is familiar as a liotaiiical entity, must he interpretcKi ii:i chemical 
tern IS. The principal chtsm^B of the more essential and widely distri- 
buted eomjminds found in plants have alimdy bt*eii inilieated on the 
brtMidest liasis, so that» they may now be referral! to without iMlilitiorial 
conniient. 

From the bot^inical |x>int of view, the plant may be regiinied as ii 
straetiire com[K)scH.i of many living protoplasmic units enclc^i in cell- 
walls and combined t4’)gether to form tissues. There are certoin 
tissues, known as dead tissues, which amist in gi%diig rigidity to the 
plant. All thes^? structural elements can be tmnslaled into tenns of 
chemical compounds. 

One of the chemical processes most trapient-Iy met with in the plant 
is that of synthesis by condensation, with elimination of water, of large i 
ix>mplex molecules from smaller and simpler molecules. The formalion 
of cellulose, for instance, is ii cme in point. Cellules hM the compi»ilioii 
(CiH|tO'^)a and, on hydrolysis with dilute acids, it yields gliicc«e as a in&l 
pnriuct Hence it is concluded that the complex molecule of cellulim is 
built up fn>m the simpler c^rbohydimte by oondeimlioiL The syiilii«is 
of proteins Irein amino'-aeids aflfords another example. These »cMs 
contain either m aliphatic or aronaatie nucleus (let it he M% and one or 
more carboxyl and amino grou|B. CoiKieii»tion takes place in the plant* 
with elimination ef water, according to the following ^heme : 
m m t* 

I I 1 1 

CH~-COOH H HH • CH-~CO;OH CH----CO;bH......H;lilt.C«--€C>OM 

The products of such condenmtioii, the proteins, v«t among them- 
m*lvm according to the nuinl^r airf kimi of amino-aeids which part 
in the synthesis. 

Two results arise from Ihfe First, the sutetane^ 

formed by condensation have iiiol«nl» ei m very large siise ; swndly, 
whw&as the simple compounds* su^rs and amino-mda, are »luMe, 
ciy^lne md diffurible, the .iy» either iiroluble, 

eg* »liulc»e* hr mxmt in the colli^il as is the of many |»teias 

mui other €»^itiien^ As tiiete. laige mofeeal^ do sol iMyrn^ 
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protopliisiii throughout tin* ami Bine** many «;)f imii 

lakt* place simultaneously and infk‘|>endeotly, the prot*»phi‘«*iii inu>t 
have some form of organiml striicturk*. Though many phenoiiieiia ot ‘ ' lift * ’ ’ 
inaj Im* acci'Uinted for by the phymeal and eheiiiieal prop^rtit‘S of Mitii 
substances iks proteins, it is im|M^8ible with our present kiiomi«lge, 

how iir all “living'’ phenomena may yet explaineii in this way. 

Some of thc^ main lines of metabolic synthest*s which take plaeti in 
tht::* |i!ant will next be eonsiilercd. A fimdiimefital tact which slifuiM k? 
binie in mind is that the gre^en plant synthesizes all the auopk^i 
niiiteriiils of which it is composed from the simple €'omp.>iiiicls, earkm 
dioxide, w^ater and certain iiii>rganie sidts. The iei|>ortiMit fmtiH, 

prha|B, which figures in plant metabolism, is clilort^plyll The 
pipnents of chlorophyll are esters of complex organic acids amfeiiaing 
the elements carbon, hydrogen, oxygen, nitrogen and ttmgB€‘siiirii. They 
have the^ remarkable {x>wer of absorbing the radiant energy of the sim’s 
mys and of transforming it into chemical enei^y, by means of which 
carbon dioxides and water are combined form some organic coiiifM3and, 
pmsibly formaldehyde, from which a simple carbohydrate is readily 
synthesized. 

If now the initial and final product# of carl^:>n amiiiiilation 
considered in detail, it will be seen that the pK)cei» is one of redaction: 


CCOj ^ * C^S4j|C^*§“SO|. 


This is confirmed by the 'ifet that oxygen is evolved in the pfODe«. 
Moreover, thc^ plant aroninulate a store of ener^^, since tie final 
pridnct, the carbohydrate, has a higher potential energy than the system, 
water and cariKcn dioxide. Hence mrkm a«ii»ilatioii, in aAiifcicMi to 
providing a basis of organic material «»»' starting-point for &1! the main 
ine^Wic fnnetions, also provides a source of chemiml enei^’ by meaw 
of which reactions in other direction are l^nglil abemk 

The string free of this aixiiinnkted cjonstitutw the |»oc«» 

of r^^iafcion, which i% in reality, an oxyation of i»l»hjdimte toking 
pliwee in threnghont the plant. It is the mmmme of 

in tl»t oxygen is ah^dbei, - Mid ixrboii dioxide mad water 
i» form^ Thus tli'«« two both «> fuwkir^atal and 

fo the metebolkai of the g^a pia»k are ojartiinlly tekiag place si^ 
ty ride in »fii# cell . 

Tht fc^-formed cark>liydrate, wMeh is prohablj a hexi», m 
in the on the gwwwJ we bm^ pwviiwriy 
I# moir© wnapfex di««^rii»Mi «ich m 
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cane-sugar, starch, cellulose, etc. Some of these products, such as the 
disaccharides, form true solutions and may be present in the cell-sap ; 
others, such as cellulose and starch, are present in the solid state, though 
they contain considerable quantities of water. Others, again, such as 
dextrin and gum, are present in the colloidal state. Thus, given an 
initial carbohydrate and a source of energy, we may proceed to indicate 
the other main lines of syntheses in the plant. 

The next most important line of syntheses is probably that which 
gives rise to the nitrogen-containing constituents of the plant. Nitrogen 
is absorbed by the green plant in the form of nitrates and ammonium 
salts, but the processes which lead to the synthesis of some of the 
simplest nitrogen-containing compounds, such as the amino-acids, are still 
very obscure. Aliphatic and aromatic acids of various kinds are 
abundantly present in the tissues, but the reactions by which the NHg 
groups are introduced are by no means clear. There is little doubt, 
however, that once the amino-acids are formed, condensation takes place 
as already indicated, and more complex molecules, termed polypeptides, 
arise. Such polypeptides have now been synthesized artificially by the 
condensation of amino-acids. From the polypeptides, by further stages 
of condensation, the albumoses, peptones, and finally proteins are 
produced. 

Another line of syntheses is that which leads to the production of 
the fats and allied substances. The fats are mainly glycerides of acids 
of the methane and olefine series, such as butyric, palmitic and oleic 
acids. Like all other plant products the fats must either directly or 
indirectly arise from the carbohydrates. There is evidence that the 
origin is fairly direct, as, for instance, in fatty seeds when the fats take 
the place of sugars in ripening. The sugars, as we' know, are aldehydes 
of the polyhydric alcohols of the methane series. It has been suggested, 
though the actual stages have not been ascertained, that by various 
oxidation and reduction processes, the sugars yield fatty acid residues 
which then condense to form the fatty acids of high molecular weights 
present in fats. By a converse process, the fats, especially when they 
are stored as reserve materials in seeds, are broken up, and sugars are 
again formed which pass to other parts of the germinating seedling, and 
are there used in other synthetic processes. 

A third main line of syntheses is that which gives rise to the 
aromatics of the plant. Since no ring compound is absorbed by the green 
plant, it follows that by -some process the aliphatic structure must be 
transformed into the aromatic. Thus, for instance, the trihydrie phenol, 
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phloroglucin, at vsoine stage be formed from a hexose by conversion 

of the aliphatic chain into a closed ring : 


OH H OH OH 

OHC--C— C CHyOH — 3H.p = CO— CH.,— CO— CH^—CO— CH.> 
H OH H H I " I “ 

( Hiicoso 


H2 

OC CO 

! I 

HyC CH.^ 

^c/ 

O 


H 

HOC COH 

II I 

HC CH 

\o^ 

OH 

Phloroglucin 


There is evidence that aromatic compounds, such as phloroglucin, 
tannins, flavones and anthocyanins are synthesized in the leaves, and 
that sugar-feeding, by floating leaves in sugar solutions, leads to the 
increase of aromatics in the tissues. When the ring structure has been 
once synthesized, further changes can take place either by the addition 
of side-chains to the ring or by the condensation of two or more rings. 
In this way the great multitude of aromatic products present in the 
higher plants may arise. 

Thus the cell can be pictured as a colloidal solution of proteins 
endowed with the properties of matter in mass and surrounded by a 
permeable cell-wall of cellulose. The colloidal solution contains liquid 
and solid particles of very varied chemical composition. In the protoplasm 
are spaces, vacuoles, filled with cell-sap also containing many and 
various subBtances in solution. Throughout the protoplasm, which 
probably has an organized structure, many kinds of chemical reactions 
are continually in progress, some being the converse of others, as for 
instance those of oxidation and reduction which can take place side by 
side in the same cell. 

Next will be considered the chemical reactions by which the various 
metabolic changes in the plant are brought about. How are these 
processes controlled and how do they take place ? 

There is a large group of organic substances, tenned enzymes, many 
of which are present in every plant. They have a certain characteristic in 
common, i.e. they bring about chemical reactions in the plant without 
undergoing any permanent change: in other words they are organic 
catalysts. Many of these reactions, which take place in the cell at 
ordinary terriperatures with considerable rapidity, need prolonged heating 
at high temperatures when brought about by artificial means. Enzymes 
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can generally be extracted from the plant by water, especially if the 
tissues are thoroughly disintegrated. Their chemical constitution is 
at present unknown, and they are usually destroyed by temperatures 
greater than 60 °C. Moreover, many of the processes which they control 
in the plant can be brought about by them in mtro under suitable 
conditions, and it is by means of such experiments that information as 
to their role in plant metabolism has been ascertained. The majority of 
known enzymes control both hydrolysis and its converse, synthesis by 
condensation with elimination of water, but under artificial conditions 
hydrolysis most frequently occurs. The enzyme, diastase, for instance, 
found in all starch-containing plants hydrolyzes in vitro starch to dextrin 
and maltose. Similarly the enzyme, maltase, hydrolyzes maltose into 
glucose. Other enzymes hydrolyze proteins into amino-acids, and others, 
again, hydrolyze fats into fatty acids and glycerol. 

Until fairly recently the fact escaped notice that such reactions are 
reversible, and that these enzymes in situ in the plant may, according 
to the conditions, control not only the hydrolytic but also the cor- 
responding synthetic process. The latter may also be brought about, 
though not readily, in vitro. This, and other evidence, leads us to 
believe that enzymes in the plant control the reactions in both directions. 

Hydrolysis, and synthesis with elimination of water are not however 
the only processes catalyzed by enzymes. There is another type of these 
catalysts, the oxidizing enzymes, which bring about oxidation of sub- 
stances in the plant, notably of aromatics. In addition, there is the 
enzyme, zymase, which decomposes sugar with the production of alcohol 
and carbon dioxide. 

The question which now arises is — How many reactions in the plant 
are catalyzed by enzymes? It is conceivable that a greater number of 
enzymes may exist than are at present known, but that they are unable 
to be extracted by our present methods of isolation. A certain number 
of reactions probably take place in the cell-sap between the substances 
in solution; others are catalyzed by enzymes which are supposed to be 
intimately connected with the protoplasm, but there are an enormous 
number to which there is at present no clue as to how they are brought 
aboiity such, for instance, as the S3mthe8is of carbohydrates from carbon 
dioxide and water, and the formation of the benzene ring from the open 
carbon chain. Such processes are usually said to be controlled by the 
“living protoplasm,” but what exactly is the significance of this 
expression is at present beyond our knowledge. 

Finally, also, little is known of the question as to how th^ various 
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lines of metabolic syntheses in different parts of plants are regulated 
and correlated with each other. Some of the phenomena involved are 
shortly outlined as follows. There is undoubtedly, under suitable 
conditions, a constant synthesis of sugars in the leaves. In all pro- 
bability aromatic substances are also synthesized in the same organs, 
for there is evidence that there is an increase of these compounds in the 
leaf if translocation through the petiole is prevented. It is possible that 
amino-acids also are foiuned in the leaf. The above products are 
constantly translocated to the growing organs as material for growth. 
They may, nevertheless, be temporarily stored in the tissues where they 
have been synthesized, and of this there is evidence in at least one case, 
e.g. starch in the leaf. But, apart from the immediate use for growth, 
there is in practically every plant, some tissue where, owing to some 
unknown stimulus (causing probably changes in permeability of the 
cell-membmnes), accumulation of compounds occurs. This accumulation 
is characteristic of organs from which growth will take place when it is 
impossible for the plant to obtain fresh supplies by carbon assimilation, 
as, for example, of bulbs, rhizomes, tubers, buds, seeds, fruits and woody 
tissues. In these cases, in due time, the products stored supply the 
growing shoots. 

During storage, simple sugars, amino-acids, etc. have been condensed 
to form insoluble, colloidal, or large molecules of starch, fats, aleurone, 
cane-sugar, etc. These will remain until they are hydrolyzed by enzymes 
when they can supply the growing shoots. Such stores are termed 
‘'reserve materials.’' The actual stimuli involv^^d in bringing about and 
regulating this storage are unknown, but they are probably connected 
with the life cycle of the particular plant under consideration and its 
jidaptation to external conditions. 
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CHAPTEK II 


THE COLLOIDAL STATE 

Many of the substances of which the plant is built up exist in the living 
cell in the colloidal state, and it is therefore important that some account 
should be given of this condition of matter. 

There are many organic products found in the plant (and also in the 
animal), such as starch, various proteins, gums, etc., that apparently dis- 
solve in water, giving a solution which, as a rule, only differs from an 
ordinary solution by being opalescent. In addition, it has been known 
for a long time that various inorganic substances, such as sulphides of 
arsenic and antimony, hydroxide of iron, and also certain metals (gold, 
silver), can, by special methods, be obtained in ''solution,’' though in 
ordinary circumstances they are quite insoluble. The above examples 
are representative of colloidal solutions. 

A property which all the above solutions possess is that the substance 
dissolved will not pass through a parchment membrane, i.e. will not 
dialyze, whereas if a solution of sodium chloride in water is separated 
from pure water by a parchment membrane, the salt will pass through 
the membrane until the concentration of the sodium chloride is equal 
on either side of it. 

The conclusion drawn from investigations of various kinds is that in 
the colloidal solutions the substances dissolved exist in the state, either 
of aggregates of molecules, or of very large molecules, and hence are 
unable to pass through the pores of the parchment. 

Moreover, certain distinctions can be drawn between colloidal solu- 
tions : some, like those of gold, silver, metallic sulphides, hydroxides and 
in fact most inorganic substances, are very sensitive to the presence of 
small amounts of inorganic salts, i.e. electrolytes, and are precipitated 
by them, but will not as a rule go into solution again. Also such col- 
loidal solutions are very little more viscous than pure water. The organic 
substances, on the other hand, are only precipitated from colloidal solu- 
tions by comparatively large quantities of electrolytes. The viscosity, 
moreover, of these solutions is greater than that of water, and is, in fact, 
considerable, even if the percentage of dissolved matter is small- 
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Hence two terms have been employed for the above-mentioned 
types of colloidal solutions: those of gold, silver, etc., are termed suspen- 
soids (suspensoid sols): those of starch, proteins, etc., emulsoids (emiil- 
soid sols). 

The essential feature of both forms is that they are systems consisting 
of two phases, or conditions of matter, known respectively as the '' dis- 
persed ’’ phase and the continuous ” phase. 

A suspensoid may be defined as having a dispersed phase composed 
of ultramicroscopic particles or aggregates of molecules suspended in a 
continuous phase composed of a liquid. 

An emidsoid may be defined as having a dispey'sed phase composed 
of ultramicroscopic drops of a highly concentrated solution of the sub- 
stance suspended in a continuous phase composed of a dilute solution of 
the same substance. 

As a rule, therefore, the difference between a suspensoid and an 
emulsoid is that, whereas in the former the liquid is restricted to the 
continuous phase, and the solid to the dispersed phase, in an emulsoid 
both phases are liquid, though containing different proportions of the 
dissolved substance. 

The terms suspensoid and emulsoid are used on account of the re- 
semblance of these states of matter respectively to suspensions and 
emulsions. If microscopic particles of a solid are shaken up in water, 
what is known as a suspension is obtained ; in time, however, the solid 
particles, if heavy enough, will settle and separate from the water, and 
the whole process can be repeated. Thus a suspension differs from a 
suspensoid solution in that the latter is stable, though, if precipitated, 
the reaction is usually not reversible. 

If two liquids which are insoluble in each other, such as oil and 
water, are shaken up together, finely divided drops of oil in water are 
obtained. This is known as an emulsion. In time, however, the oil 
separates from the water, because the tension pn the films of water 
separating the oil drops, when in contact, is too great, and they break, 
with the result that the oil drops coalesce. But if, instead of water, a 
solution of soap,8aponins, or certain other substances is used, the surface 
tension of the water is so lowered that the films of soap solution separating 
the oil drops are permanent, and a system is obtained consisting of minute 
drops of oil separated by soap solution. This system resembles an organic 
colloidal solution, as, for instance, that of protein in which we suppose 
a concentrated solution of protein exists in drops separated by a dilute 
solution of j^otein. Milk and latex constitute natural emulsions. 
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Expt. 1. Formation of a suspension. Precipitate a Holutii)n of l)aritim chloride 
with some sulphuric acid and shake up well the fine pi^ecipitate of hariinn sulphate. 
Note the gradual settling of the preci])itate. 

Expt. 2. Formation of an emulsion. Take a drpj> of olive oil in a tcst»tuhe and 
half fill the tube with alcohol. Shake well and pour into a be^aker of water. A fira‘ 
white emulsion of oil in water will he formed from which the oil will not «(‘parati‘. 

this method the oil is obtained in such small drops that stability is (uisuretl. 

Take about equal quantities of olive oil in two test-tubeB and add an etpiiil 
quantity of water to each. To one tube add a drop or two of 10% caustit! alkali 
solution. Shake both test-tubes well. An emulsion is formed in Indh, btit. in the 
tube without alkali the oil wull separate out on standing. In the otlnu* tube the 
emulsion is permanent. This is due to the fact that the (jlive oil (unless .specially 
I purified) contains some free fatty acid. The latter forms soap vvith the alkali (nee 
p. 82) and renders the emulsion ])errnanent. 

Fi'pt. Ik Preparation of smpensoid sols, (a) Gold. Take two lOOc.c. meaHuring 
cylinders and thoroughly clean them with nitric acid, and afterwards wash wtdl w'ith 
freshly distilled water. In one make a 0*r)‘>/o solution of binnicacid (using the purest 
sample obtainable) in water. In the other, 2 c.c. of commercial 1 “/(i guld chloritle are 
made up to 100 c.c. with water. Use*, freshly distilled water in lK>th canes. Mix inpud 
portions of the two solutions in a clean beaker. A purple colloidal solution of gold 
will be formed. If threxj parts of the chloride solution are mixed with one part of the 
tannin solution, and both solutions heated l>eft>ro mixing, a nxl colbndal solution is 
obtained, (b) Silver. Take 5 c.c. of a 1 % solution of silver nitrate and add dilut<^ am- 
monia solution until the precipitate first formed just disajjiamrs, and then dilute with 
1(X) C.C. of w^ater. Mix 0(pial volumes of this sohition and the tu.unic acid 
for (a). A colloidal solution of silver will l>e formed which is clear brown by trans» 
mitted light, but has a green fluorescence by rcjflectcsd light, (c) Ferrk hydroxide. 
Take 5 c.c. of a filtered 3Ii% solution of ferric chloride and |Hmr into 5(g) c.c. of 
boiling distilled water in a beaker. A colloidal feme hydroxide sf>l is formcMl and tlte 
colour changes to a deep brow'n-red. The yellow solution of ferric cdiloride is de- 
composed by excess of water with the production of a soluble colloidal form of ferric 
hydroxide, and hydrochloric acid is set free, {d) Arsenic trisuljddde. Takis 2 grns. 
of arsenious acid and boil with 160 c.c. of distilled water, filter and asd. Then 
sulphuretted hydrogen through the solution. A colloidal solution of the stflphide m 
formed which is orange, with a greenish surfiw^. 

The above sols should ^l>e kept for further 6xi>6riment [»a© Expt. 8], 

Expt 4. Freparatmi of emulsoid sols, (a) Starch. Weigh out 2 grns. of dry starch, 
and mix well with a little oold distilled water. Boil 100 o.c, of distillad water in a 
flask, and, when boiling, i>our in the starch paste and l>oil for a few mimifcits longer, 
stirring well all the time. A colloidal solution of starch is ohtairml which m faintly 
opalescent. It is not affected by heating and does not change Its statu on cooling. 
(5) Gum arahic. Make a 5 % solution of gum arable by ladling 6 griis. with 10) c.e, 
of distilled water. Note that a sticky or viscous solution is formed which (mthnuu 
shaking, (c) Protein. Weigh out 10 gms. of whit© flour and add 10) o.e. oi distlll^i 
water. Let' the mixture stand for 2 or 3 hours and th«i filter. The extract wiiteiiis 
protein. , Note that the solution froths on shaking, (d) Soap. Make a 
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of .s<*a,p in (li.HtilltHl watnr. It in opaloscont anil froths Htrongly, U’j i'/tlurapitfiH . 

I See Kxpt. ‘M, j 

The iilwa'e Hol.H nhoulil Im* kept for further experiment jsei* Kxpt. !>|. 

Krpt. 5. tif Mtii't'h nml AttU Aulutitut. Make a Hoiution of .Htarrh in 

wutiT, ns in Kxpt. niiii mix it with an equal volume, of a 2“/,, .solution of aoilnuii 
ehhu’iile iti water. I^air thi^ mixitu’e into a jwtridiinent dialyzer /iml «liit.ly/.e in a 
In^aker of ilistillei! water, fl'he iliaiy/er .shoulii tirnt bi' earefuily te.steii to aai ertain 
if therci be a lejik. s the liquiil iti tfie fienkiT with Holuf iotia of b(»fli i(niine and 

sihau* nit rate. Some preeipitate of ebloriih^ will be |.uven, l>ut no blui^ eolour wiili 
iodine. After ‘2i hours, tent the liquid agidn. There will be an inereaned auauuii of 
.silviu* ttliloride formeii, but a negitlive renuit with iodine, (hi addition of iodine to 
tlie liqniil in ih«t dialyzer, n bine efdottr in obtained. Henee wi* may awiunie that tlie 
colloidal Htareh doen not pnm throui 4 h the inenibram\ 




Some HuljHtJUHu»H, Hindi ms geliitiiio (animal) and agar C vi*gidalile), mv 
only in the emuLsohl condition at a raised ieniimratnre. Wlien {»ohl 
they set to form a “ge*!/' in %vhitdi tdn* partiides of the disperHed phase are 
no longer Hepfirate hut united to make* a solid. Silieicracdd, tin* best known 
inorganic emulsoid, iiIho Kf*ts to a gel on standing, eit.la^r spontaneoimly 
or on rtiiditio!! of electrolytes. It is of claHsical interest since it, wa.H t he 
.subst^ince Iargi‘ly UHi*d by Ciraliam, the first vvorkc’i* on eolloidn. 

U, Pwpnrftttiffi ttj* fpiM. (u) d//r/a Weigh out 2 gma, of agar and put it 
to soak in HXH’.e, of thstilled water for an liour or two. '1*11011 boil ; the agar gives a 
thick o|mIt;HC!:ent Hointi«»n fsol) which miinUi a gel <»n cooling. (In xviirniing, the gid 
again lan'otnes n sol, and, cewding, again acts ti> a gtd. Tliim tlie ciiange i.« a 
riivi:ir«ibli! on«*. Agar in ii niiKfilagt* which ia obtained from cftrbdn gent*ra of the 
Elaalophyimeirn'c p. ‘Ill), (/i) tmd. Weigh out Ji^UgniM. of coinfii«*rciid ** whaler • 

gkan’^ «yrnp (a conitentriitrtfl aoliition of smiitim aillcate) and ililnte with ItHica!. of 
fr«whly l«»ilct| fii«tilhiii wat 4 tr (free from carbon diindihi). Pour To c.c, of tfiiM wdniion 
into a mi.titire of 2 f»c%c, of roiiciintrah?*! hydriaddoric mid and ?rt«.tc, of wat.cr. 
Ilialyi5e this tiiixlimf in a pandiiiicnt. dialyiicr against running w*ater for :i i liotir^, 
If to the d inly r.ed li«|tihl a lifiJii very dilute amnioidii is added, a gel will ff»rnii^r| 
in the cour«! «»f ii few lioiirH. In ttna cum*, b<#wev«!r, the pr*«!*mH i» irreversibf**, tliiil 
i« the g«l caiirad be rec«tiverf.ed agniri into the mil. 

An iiifci;!r«*stirig fMiirit in eoiuiffxicin with th«* cffilcdilfil stute is flint 

cmphftHistwi by Oatwnld, i,«*. that fchiH poiiilitiuii ix a itMf. m,t a ti/pe, 
of itiatten Furfch«r, wubfitfirw'i'H in th« nolioidat do ttol 

a deinite clia«. It in reiiM«iabl« b, auppeau; that all «itb»tau«<w whitdt 
exist in the c(»!Ioidal state can, under suitabie C!otidtti<»ns, alw* oxi«t in 
the crystolline sbiti*. and trim mrmi. Fnrthor, the continuous ph»»s«' is 
not always wat«;r. .S<sliimi chl»,rid**, which is a very dUlniti* (‘rystalloid, 
can be obtainiHl in the «,Ui>idal state in p**tr«>leutn ether. Most tm-lids, 
even the alkali inebds, hav«* teen obtainetl in cs»iloidat solution : also a 
great many nwtallic oxides, hydroxides and suiphidiw. 
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The colloidal phaseH so far dealt with can be tabulated as follows’: 

dupem> continvotis 

liquid Holid gtds 

solid liquid KUHpiHiHoids 

liquid liquid emulHoulH 

Some of the properties of colloidal solutions may now Ix^ considenxi 
A point that has already been cnoiphasized in the pn‘vious chapter is 
that the surface of particles in the colloidal state is vt*ry gn*at in jiro- 
portion to their mass. Such particles, moreover, unlike ions and small 
molecules in true solution, possess the properties of the Hurfac(‘H of matter 
in mass, as, for instance, those connected with" surface* tension, elt*ctrical 
charge, etc., and these are especially marked on account of tlu^ pi'opor- 
tionately large surfaces involved. Other properties an? their inability, 
as a rule, to exert an osmotic pressun?, to raise the boilitig point, and 
lower the freezing point of water. Some of the metallic suspensoids are 
characterized by their coloui*, this being red, purple or bhuj as in the ease 
of gold sols. 

An apparatus, by means of which the colloidal stotc? can be dernmi- 
strated ocularly, is the ultramicroscope. This is a s|)ecial form of’ micro- 
scope in which a powerful beam of light is directed u|X>nacolloidid solution, 
which is then seen to contain a number of particles in rapid motion. 
When analyzed by special methods, this motion has been found to be 
identical with that shown by much larger, though still mierosc!opie, 
particles, which has been termed Brownian movement. 

Expt. 7. Dm.omir(ttion of Brownmn mommmt of miermmpie Miiimfc » 

little gamboge in water and examine under the high jM)wer of a Tlie 

particles will be seen to l>e in rapid motion. 

It has been shown that Brownian movement is the outcome of tlm 
movement of the molecules of the liquid in which the pirticles are 
suspended. This movement is one of the fetetors which kee|,» tht* sol 
stable and prevents the particles from settling” m in the erne of a 
true suspension. 

Another factor tending to keep the sol stable is the electriail ehai^ 
borne by the particles. It is commonly known that there is usually a 
difference of potential between the contact surfaces of phases. If the 

1 There are also the following combinations {Bayliss, 1) ; 


disperse 

continmm 


gas ...... 

... liquid 

. foam 

liquid...... 

••• 

fog 

solid 

gas 

tobaoeo smoke 

solid ..... 

... solid ......... 

, ruby glass (eoIlokM sol of gold in glaw). 
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partiel<‘s in a colloidal solution all havo tho sjuno (diargo, thon thoy will 
tend to repulse oiie another mutually. It in ftuind that tlu^ piuirndes 
are charged, hut th<^ origin (d‘ ilie (diarge is nut always eh*ar. S{nnetinieH 
if the substance in c(dloidnl stat,e is t;apal>It‘ of (d(a;tr<dytic: (iissotuiitioii, 
th(‘ eharg<‘ may arise in this way. SuhstaiHu^s, lmvv<n-er, as alri‘ady men 
tioned, which are n<»t dissociatcsl may also h(*a,r a (diarge, and m«>Ht 
fre<|uently it is a negative iUU‘. It follows, tlnm, that wlien an ehn^tro* 
lyte is added to a t!(dloidal solution, th(*(dnirgeH on the colloidal j)a.rti<deH 
are neutrali5^(*d by the opptwibdy <diarged ions of tln^ electrolyte, and 
they coalesce* togi*ther imd are preedpitahsL 

As regards thtdr heliaviour to electrolyh^s the two clasHes, HUHpen« 
soids and emulsoidH, are very ditiererit. The HUHptmHoiils arc* vt*ry sensi* 
tiv(t fo trac(»H of eh‘CtroIytes, and, as tfn*y usually hav(* a negative eJiarge, 
it is the c.ati(Ui of th<* electrolyte which is the aeJave^ ion; and of siudn 
less of a clivalent ion, than of a monovahmt ion, is needed for precijiila** 
tion anti still less of a t ri valent ion. 

The tunulsoids are far h*ss sensitive to electrolytes in Holuti<m than 
th(‘ HUSjjenHokls ; in fact, ehsTrolytes, such as maitral alkali saltH, miwt 
bc^ ad<h*d in very large i|uantitii;H <»ninlHoids before precipitation takes 
pla(*e. Also, as a rule, whereas tlii» precipitatitai of suspi»nsoids is irre- 
v(irsible, that <if emulHoi<ts is reversible, that is, they piiss into sedation 
again on luldiiion of water. In the case of an emnlscdd in neutral solu* 
tion this form of precipitiitiom unlike that of th<» susjwumoidH, may be 
regarchtd as eonsisting of two pnatesses. First, a |)rocteHH anati»gous to 
that of *‘BfiIting <rnt of soaps, esters, etc., in organic chemistry, which 
is, in effect, a withdrawal cd* water from one phase into another. Heeoridly, 
the* precipitatieai is alse:> affectesl to some mct<*nt hy the valemty e>f the 
ions of the* salt used in preicipitaliem. 

When, howc*vt*r, a muitrnl solution of such an eimilsoid us protein is 
made either slightly acid f>r alkaline, its bidiavioiir tow^anls rifuitml suits 
becomes alterisL The precipiiiiitng |iower of salts in ladd or iilkalitii* 
medium is now in jiminliwicr* with that on sii«|Mm»iiicls* In iilkiiliiie 
solution the coagulating faiwer of a wilt ilejuaids on the viileiicy of the 
cation; in an acid solution it defsmds on the valency of the union. 

The behaviour of proteins in acid ami alkaline triialiii is utidriiiliti^dly 
due to the fiMd. that they are built up of amino-acids ciintiiining iKitli 
amino and carbi'ixyl gn>ujm Btieh molecules may rdttinr m mi 

acid or a bfise with tie formation of mlM, These are siilyeci to electro- 
lytic di»0eiatioti unci hiuiec iiaitiire an el<*ctric charge* Such »itl»tAiici?i 
have been tenmeci " iitiiphotcirb dmtm'^lyUm*' (mt* p, IfCi)* 
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JSxpt 8. Predipitatioii of suspmmld soU hy electrolytet^. hoLs of ^ol<i, silver 

and arsonioiis sulphide carry an electro-negative charge : hc‘nce they are most r(‘aiiily 
])recipitated l)y di- or tri-valent positive ions, such as Ba" or AF". Add a few drops 
of barium chloride solution to the three sols (Expt. 3) respectively, and n<d,<^ that 
they are precipitated, though some time may elapses Ix^fore tin* pnH'ipitation is 
comxdete. The ferric hydroxide sol, on the contrary, carries a p< mi ti ve charg<‘. 1 1 <uire 
it is most readily i)recii)itfxted by a siiljdiate or phosphate?. If a drop of .sodium 
sulx)hato solution is added while the sol is hot, it is immt‘diatcily precipiiatoiL 

Expt 9. Freoipitaiinu of emulmid soU hy d<>ctroljfUis. Saturate the slftrch, protein 
and soap solutions prex)ared in Exj)! 4 with solid anunoniuiu sulphate. Ih-ecipitiiiion 
takevS ]:)lace in e^ich case, and it is seen how larg<? a (piantity of electrolyte is nc?«Hh»d 
for the “salting out’' of emulsoid sols. Filter off the x>rot(nn precipitati! andsuHiMuai 
in distilled water. It will go into solution again, showing that tlie reaction is 
reversible. 
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CHAPTER III 


ENZYME ACTION 

Some indication has been given in the previous chapter of the large 
number of complex processes which take place in the plant, and it has 
been mentioned that many of these are controlled by enzymes. 

The most remarkable feature in connexion with the chemical pro- 
cesses of plant metabolism is the ease and rapidity with which, at 
ordinary temperatures, chemical reactions take place, when under artificial 
conditions they need a much longer time and higher temperatures. 

It has been found that many of the chemical reactions in the plant 
can be brought about in vitro on addition of certain substances which 
can be extracted from the plant. These substances are known as enzymes. 
It is the property of enzymes that they are able to accelerate reactions 
which, in their absence, would only take place very slowly. The enzyme 
cannot initiate these reactions and does not form part of their final 
products. 

Some inorganic substances have the same property of accelerating 
reactions, and such substances are termed catalysts. For example, when 
water is added to ethyl acetate, the latter begins to be decomposed slowly 
into ethyl alcohol and acetic acid : 

ethyl acetate + water — >> ethyl alcohol 4- acetic acid, 

but if, in addition, some hydrochloric acid is added, hydrolysis takes place 
with much greater rapidity, and at the end of the reaction the hydrochloric 
acid is found unchanged. Hence in this case hydrochloric acid is an 
inorganic catalyst. Many other similar instances are known as, for 
example, the catalyzing effect of a small quantity of manganese 
dioxide which brings about the liberation -of oxygen from potassium 
chlorate at a nauch lower temperature than by heat alone. 

By analogy, therefore, an enzyme may be defined as an organic 
catalyst produced by the plant. 

Another point in connexion with the above-mentioned reaction pf 
water with ethyl acetate, is the fact of its being representative of the 
type known as reversible. After a certain amount of acetic acid and 
ethyl alcohol has been formed, these recombine to form ethyl acetate 
until in time a certain point of equilibrium is I’eached. Since the same 
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point of eqiiilibriuia is reaehcMl whc‘tht‘r hydrochloric acici is ustsi or iH»t , 
it is obvious that the hydrochloric acid acc(‘It‘rat(*H the reaction in both 
directions : 

ethyl acetate + water ethyl alcohol 4 ac^etic acnd. 

Such a reaction is termed a reversible oiu*. Many t)f tlie j)rocesH<*H 
accelerated by enzytnos in the plant an^ iwersihk, aial tlu'n* is reason 
to believe that the enzyme. acc(*I(‘ratt*s the reaction in both directions. 

The substance upon wliich th(‘ (Uizynu^ acts is t(‘nned the sulwirate, 
and it is supposed that soni(‘ kind of looser combination occurs hi*twcf*ii 
these two substances. The (Uizyimj is unaltcn‘d when the r(*aciion is 
complete, unleBS it is affc*et(*(] by thi‘ products formed. 

The erizyiiHiS are very widely distrihuted and form ciiristitucnts of 
all living cells, though all ti.ssu(‘s do not nect’Hsarily contain tlie same 
enzymes. 

There is no doubt that many onzytm^H an? H|H*eific, in which ciise 
an enzyme can only accelerate oik? reaction, or om* clasH of n‘acii«»n. 
We cannot be sure that any enzyim? is sp{.‘cific and different from all 
others, until it has been proved that it acccl(irat(?s <aic pnH!f*HH whicli is 
incapable of being accel(?rated by any other enzyme. It is }K>SHibh‘ 
that some enzymes, to which separate nanHiH have been given, are really 
identical. 

Most of the plant enzymes an? solubh* in water and dilnt 4 * glyci»rol 
and sometimes in dilute alcohol. Some can bi? f*xfcmcted by simply 
macerating the tissues with water; others are more intimiitely conriceted 
with the protoplasm, and are only extracted if the* protoplasm is killi*fi 
by certain reagents, of which those most frec|nently employtsl are toluol 
and chloroform. These substances kill tht? proioplfism ami d<i not, in 
many cases, affect the? enzyme. After the death of the protoplimtig tlia 
enzymes are more readily extracted from the cell. From iiijiicfotis 
solutions enzymes ca-n usually bo precipitated by adding ifcmng alciilioL 

The majority of enzymes are destroyed by raising the terii|M.imfctire 
above 60'' C. In vitro their rejicfcions are generally carrit:?<l out riiofit 
rapidly between the tempc»nitures of tb 

In performing experiments with enzymes m tfiiro, it in always 
necessary to add an antiseptic, otherwise the reaction to be stiiiiied will 
be masked or entirely supcirseded by the action of bacteria iiiiavoidiibly 
present. Toluol and chloroform mentionc?d alxive, m well m fJiymol, 
may be used. These rmgente prevent any liacterial action from taking 
place. Some enzymes, however, are susceptible to eliloniform, ns, for 
instance, maltase. 
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The chemical nature of enzymes is at present unknown, because it 
is difficult to purify them without destroying them, and hence to obtain 
them of sufficient purity for chemical analysis. They were originally 
thought to be proteins, but with the improvements in methods for 
purification, it has been found that the protein reactions disappear, 
although the enzyme activity does not decrease. In solution they exist 
in the colloidal condition. 

The questions as to their origin and their relation to the protoplasm 
cannot yet be answered with any certainty. It is also impossible to say 
whether the majority of chemical processes in the plant are catalyzed by 
enzymes. 

A feature of enzyme action which is of considerable interest and 
which has already been mentioned is the question as to whether enzymes 
catalyze the synthetic as well as the hydrolytic reaction. There is 
evidence that this is so, since, in many cases, the hydrolysis is not 
complete. If the enzyme were a catalyst in one direction only, the 
reaction would be complete. Further evidence is supplied by the fact 
that, under suitable conditions, i.e. strong concentration of the substances 
from which synthesis is to take place, certain syntheses have been carried 
out in vitro. As an example may be quoted the synthesis of maltose 
from a concentrated solution of glucose by maltase (Bayliss, 2). 

In the living cell it is supposed that the hydrolysis and synthesis 
are balanced. On the “ death ” of the protoplasm, which may be caused 
by mechanical injury, vapour of chloroform or toluol, etc. (Armstrong, 7, 8), 
the reactions catalyzed by enzymes cease to be balanced and proceed almost 
always in the direction of hydrolysis and the splitting up of more complex 
into simpler substances. This phenomenon is obvious when any of the 
products can be recognized by smell or colour, as, for instance, the smell 
of benzaldehyde on injuring leaves of plants containing cyanogenetic 
glucosides (sec p. 146), or the production of coloured oxidation products 
when some of the aromatic glucosides are decomposed (see p. 113). 

If plant tissues are disintegi-ated, and the massis kept at a temperature 
of about 38® C., the above-mentioned hydrolytic processes continue to be 
catalyzed by the enzymes present until equilibrium is reached, which will 
be near complete hydrolysis, especially if water has been added. Such 
a process is termed ''autolysia.'' 

The chief plant enzymes may he classified under the following- 
headings : 

A. Hydrolytic enzymes. These constitute by far the greater number 
of known enzymes. In their activity they either add or eliminate water. 
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According to the substances upon which they act (tlic substrat(‘s) 
they may be further sub-classified as follows: 

(1) Fat-splitting enzymes, which hydrolyzt* fats into fatty fuuds 
and glycerol : lipase. 

(2) Carbohydrate-splitting enzymes : 

Diastase, which hydrolyzes starch into dc^xtrin and maltoHc. 

Invertase, which hydrolyzes caru^-sugar into dt‘xtn>se and lnc*vuloso. 

Maltase, which hydrolyzes maltose into dextrose*. 

Iniilase, which hydrolyzc*s inulin into la(‘Vu]os(‘. 

Cytase, which hydrolyzes hciinicellulosc* into mannose* and galactosi*. 

Pectinase, which hydrolyzes pectic compounds int<} arabinose. 

(3) Glucoside-spHtting enzymes : 

Emulsin, which hydrolyzes amygdalin int(» lKa)zald(*hy(h% pniBsic 
acid and glucose. 

Myrosin, which hydrolyzes sinigrin into allyliHotluocyanate, potassium 
hydrogen sulphate and glucose. 

(4) Protein-splitting (mzyrnes (prot(^asf‘H) : 

Pepsin-like enzymes, which hydrolyze proteins into albmuoses anc! 
peptones. 

Erepsin-like enzymes, which hydrolyze peptones into IM>ly|K*jdideH 
and amino-acids. 

B- Oxidizing enzymen : 

Peroxidases, which decompose peroxides and set free oxygi*ii in 
the active state, probably as atomic oxygtuL 

Catalases, which decompose hydrogtai jMU'oxide and Hc»t free c^xygeii 
in the molecular condition. 

0. Fermenting enzymeHi Zymase of yeast and of higher }iliint8, 
which brings about the decom|K>8ition of certain hexoses, stich ii» gliiame, 
with the formation of alcohol and carbon dioxide. Prokiblj a series of 
reactions including oxidation, reduction and hydrolysis lire involvitii 

D. Coagulating enzymss : Pectase, which cxmgtiktes fK-jluble |>c! 0 tic 
compounds. 

E. Reducing mzymes : Reductase. The preci.ii€ fiirictkm of Ihtiici 
enzymes is unknown. 

Most of these various classes of enzymes will be dealt with in detiii! 
in connexion with the chemieid substences on which they reimL 

An excellent demonstration of the &ct that a single cell may contain 
all the various enzyme -^nnooted with the pmcesses of metelioljsm' is 
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afforded by the unicellular Fungus, Yeast {Sacchao-'ornyces), of which many 
species and varieties are known. The feature of special interest in 
connexion with the Yeast plant is its power of fermenting hexoses, with 
the formation of alcohol and carbon dioxide, the process being carried 
out by means of an enzyme, zymase. The reaction is generally 
represented as follows, though there is little doubt that several stages 
are involved : 

C0H12O0 = 2CO2 + 2C2H5OH. 

In addition to zymase, yeast contains the enzymes, invertase, protease, 
peroxidase, catalase, reductase, glycogenase, carboxylase, a glucoside- >/ 
splitting enzyme, and some form of diastatic enzyme. The carboxylase 
decomposes a large number of keto-acids, of which the most impor- 
tant is pyruvic acid CH 3 * CO * COOH. The reaction involves the 
formation of the corresponding aldehyde with the evolution of carbon 
dioxide. Yeast also stores, as a reserve material, the polysaccharide, 
glycogen, which occurs in animal tissues though it is rarely found in 
plants: this is hydrolyzed by glycogenase into a monosaccharide. Finally, 
yeast contains invertase, and most species, in addition, maltase, but from 
a few species the latter enzyme is absent. Hence yeasts are able to 
ferment the disaccharides, cane-sugar and maltose, since they can first 
hydrolyze them to monosaccharides. 

As in the case of the enzymes of other tissues, those of yeast can be 
made to carry out their functions after the death of the living protoplasm. 
The method of demonstrating this is to ‘"kill” the cells by means of 
drying at 25-30® C., by treatment with a mixture of alcohol and ether, 
or by treatment with acetone and ether. In this way the protoplasm is 
destroyed, but the enzymes remain uninjured. Yeast treated thus has 
been termed “ zymin.” 

From zymin some of the enzymes, e.g. invertase and the glucoside- 
splitting enzyme, can be extracted with water: other enzymes, e.g. zymase 
and maltase, are not so readily extracted. From the living cells the 
enzymes are only obtained with difficulty, the extraction of yeast juice, 
containing zymase and other enzymes, needing, by Buchner's method, 
a pressure as great as 500 atmospheres. 

In connexion with alcoholic fermentation by zymase, the following 
point is of special interest. For carrying out this process, two other 
substances are necessary in addition to the enzyme, Le. a co-enzyme of 
unknown nature and a phosphate. The separation of zymase from the 
co-enzyme has been accomplished by filtering expressed (Buchner) yeast 
juice through a special form of gelatine filter under a pressure of 60 
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atmospheres. The phosphate and eo-enzyme can also he removed from 
zymin hy washing with water. The washed residue is then found to be 
incapable of fermentation, as also are the washings. If, however, the 
boiled washings are added to the w^ashed residue, the system is synthesized 
and can now carry out fermentation again. The chemical nature of the 
co-enzyme, which is thermostable, and the precise part played by it in 
the process, are as yet unknown (Harden, 4). 

Ex'pL 10. Preparation of zymin. (a) By alcohol and ether. For tlie following 
experiments fresh yeast should be used which has been washed several times with 
distilled water and dried on a filter-pumi). Weigh out 25 gms. of yeast and stir 
it up well in- a mixture of 300 c.c. of absolute alcohol and 100 c.c. of ether for 4 ~5 
minutes, and then filter on a filter-pump. Next wash the yeast with 50 c.c. of 
ether. Then spread it out on a piece of filter-paper and allow it to dry for one hoin\ 
(h) By acetone and ether. Take 50 gms. of yeast and stir it into 300 c.c. of acetone. 
Continue stirring for 10 minutes, and filter on a filter-pump. The mass is then 
mixed with 100 c.c. of acetone for 2 minutes and again filtered. The residue is 
roughly powdered, well-kneaded with 25 c.c. of ether for 3 minutes, filtered, drained 
and spread on filter-paper for an hour in the air. It can be finally dried at 45" C. for 
24 hours. 

Expt. 11. Action of zymase. Fill a small test-tube with 40% glucose solution. 
Add 2 gms. of the zymin (from Expt. 10) for each 10 c.c. of solution and a little 
toluol, and shake. Then fit a slightly larger test-tube over the mouth of the first 
tube. Now invert. A small quantity of air will rise to the top of the first tube 
which, however, will remain filled with the sugar solution. Place the tubes either in 
an incubator or water-bath at 22-25“ C. A control set of tubes should also be aiTanged 
containing sugar solution and zymin which has been previously well boiled in a little 
water. Bubbles of carbon dioxide will be evolved from the unboiled zymin. 

Expt. 12. Action of mcdtase. (Harden and Zilva, 12.) Into two test-tubes, («) and 
(5), put the following : 

{a) 20 c.c. of a 2 % solution of nialtose -h 0*5 gm. of zymin. 

ih) 20 c.c. of the same solution of maltose + 0*5 gm. of zymin which has been 
well boiled in distilled water. 

Plug both tubes with cotton-wool, after adding a few drops of toluol, and place 
in an incubator at 38“ C. for 12-24 hrs. Test the liquid in both tubes by making the 
osazone (see p. 49). Glucosazone will crystallize out in tube (a), malfcosazone in 
tube (5). 

Expt. 13. Action of peroxidase. (Harden and Zilva, 12.) Into four small 
evaporating dishes, {a\ (6), (c) and {d), put the following : 

(a) A suspension of 0*5 gm. of fresh yeast in 10 ac. distilled water -f 1 c.c. of 
benzidine solution (1 % in 50% alcohol) -p 2-3 drops of hydrogen i>eroxide (20 vols,). 

(5) A suspension of 0*5 gm. of zymin in 10 c.c. of distilled water + 1 e.c. of 
benzidine solution -P 2-3 drops of hydrogen peroxide. 

(c) A suspension of 0*6 gm. of washed zymin in 10 ac. of distilled water 4- 1 c.c. 
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r/f 4 2 H <Iru|iH nf sHk* xyijii!j is waslu'd l»y 

piittiiigit Mil It ilMiiltlf* tiltfi’ paptT ill a ttuiiM‘1 juitl wa.t.(‘r from 
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(d) A Mf ci‘M <»f wiihIkmI /yiiiin in of washings f I «-,<•. of 

4 ‘2 .'I i{rMp> of !iy<irog**u |K‘ro\i<i»*, 
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hliie again on re-ox ldatif»tt 
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Expt. 17. Enzyme actions of an aqueous extranet of zyniin. Woigli out 2 gniH. of 
zyrnin and place them on a double folded filter-paper in a funnel and wiiwli with 
80 c.c. of distilled water. With the filtrate make the following experiments. 

(A) Action of invertase, (Harden and Zilva, 12.) Into two small flanks {a) and (h) 
put the following ; 

{a) 10 c.c. of a 2% solution of pure cane-sugar + lOc^.e. of the filtrate from 
zymin. 

(h) 10 c.c. of the same solution of cane-sugar -f 10 c.c. of th(^ boiled filtrate from 
zymin. 

Put both flasks in an incubator at 38*' 0. After 30 mimitesadd ecpial c|uantiti(‘H 
(about 1-2 c.c.) of Fehling’s solution to both test-tubes and boil (hih^ p. 52;. Tul»e (a) 
will show considerable reduction of the Fehling. Tube (/;) will show' (mmparatively 
little reduction, that which does tfike place probably being due to the sugar formed 
by the action of glycogenaso on stored glycogen. 

(B) Action of the glucoside-spUtting enzy7ne. (Caldwell and Courteuld, 9 ; Hcniry 
and Auld, 13.) This enzyme will act upon the gl ucoside, amygdalin, which in present 
in bitter almonds, with the production of glucom^, benzaldrhyde ilml prusnic acfll 
(see p. 145). Into two small flasks {a) and {h) put the following : 

(a) 20 c.c. of a 2% solution of amygdalin 4- 20 c.c. of the filtrate from zymin. 

(b) 20 c.c. of the same solution of amygdalin 4- 20 c.c. of the iMuled filtrate fr(»ni 
zymin. 

Add a few drops of toluol to Imth fliisks and then cork, insiirting, with the cork, 
a strip of paper which has l)eeu dip{)ed in solutions of picric fwrid ami w*dium 
carbonate (see p. 146). Put Ix^th flasks in an incul>ator at 38* 0. for 12 24 liimrs. The 
picrate paper in flask {a.) will have reddened. Add a little Folding’s Holution to the 
liquid in the mme flask and l>oil. The Fehling will Ixi nMlucml. The liquid in fiimk 
{h) will only reduce Fehling slightly [see Exjit. A {/;)] and the picnite pa|KBr will not 
be reddened. 
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CHAPTER IV 


( JARBON ASSIMILATION 

The fact has already been emphasized that thr* plant synthesizc‘s all tin* 
complex organic substances of which it is built from the simple ('im- 
pounds, carbon dioxide, water and inorganic salts. - The init ial uudahulie 
process and the one from which all others have their starting-point, is 
that of a synth(\sis of a carbohydrate frotn carl)on dioxides and \vat(*r. 
This synthesis can only be carried out in th(‘. light, and only in a greem 
plant, i.e. a plant containing chlorophyll. Chlorophyll may almost be am- 
sidered the chemical substance of primary importance in th(* (uganie world, 
for upon it depends the life of all plants and animals. Animals d(*jM‘m! 
for their existence on certain complex amino-acids, scam* of which tla^y 
are unable to synthesize for themselves, and which they derivi* fnan 
plants. Plants in turn are unable to exist (*xcept by virtiu* of tdie pro- 
perties of chlorophyll. 

The property of chlorophyll which is bo imiKirtant is the {Miwer it 
possesses of absorbing the radiant energy of the sun’s rays and converting 
it into chemical energy by means of which a carbohydrate* is synthesiziHi 
This summarizes the whole process, which, however, am K(.*areely lx* wry 
simple, and probably consists of seveml reactions at present undifferen- 
tiated. If the formula for airhonic acid is com|>ar(d with that of a simph* 
carbohydrate such m a tetrose, pentose* or hexose, tht^ fi>Ilowing relaticm- 
ship is seen : 

H 2 CO 3 (HjjCO),c where 4, 5 or U, 

that is, in the synthesis of a carbohydrate a reducing reaction must take 
place. 

Many hypotheses have been formulated m to the nature of these re- 
actions. The one which hiuj most frequently been lul vanned suggests 
that formaldehyde is the first product of the synthesis from carbon 
dioxide and water which takes place in the green plant ; that the re- 
action involves reduction with elimination of oxygen: 

HgCOgSES HjjCO *f* 0|5, 

and that this product is later condensed to form a hexose, 

6HsjCO=CoH,i,0,. 
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As the- concentration of sugar increases in the cell, further condensation 
may take place to form starch ; 

The facts in agreement with these views are : first, in most plants a 
volume of oxygen is given off approximately equivalent to the volume 
of carbon dioxide absorbed ; secondly, in some plants starch, in others 
sugar, is known to be produced during photosynthesis. The detection 
of formaldehyde, either in the plant or in certain systems containing 
chlorophyll, as a proof of its formation during photosynthesis, has been 
shown to be invalid (see p. 36) (Jorgensen and Kidd, 2). 

The value and significance of this reducing reaction is seen when it 
is realized that, by oxidation of the carbohydrates synthesized, energy is 
produced to supply the needs of the whole metabolism of the plant 
(see p. 5). 

In the chemical treatment of the subject of carbon assimilation, some 
of the chemical properties of chlorophyll will first be considered, and, 
later, its behaviour under certain conditions : the chemistry, however, of 
the phenomenon itself is as yet unknown. 

The following account, as far as it concerns chlorophyll, and the 
accompanying experiments are taken from a resuyae (Jorgensen and 
Stiles, 3) of the original work (Willstatter und Stoll, 1) upon which the 
entire knowledge of the subject is based. 


Chlorophyll. 


Our knowledge of the chemistry of chlorophyll has, within recent 
years, been set upon a firm experimental basis (Willstatter und Stoll, 1). 
The results which have been arrived at may broadly be summarized as 
follows : 

In all plants examined the chloroplastids contain four pigments, of 
which two (termed respectively chlorophylls a and h) are green, and 
two are yellow. They occur in about the following proportions in fresh 
leaves : 

p (Chlorophyll a . .. C55H720BN4Mg ... 2 pts per 1000 

brreen |chlorophyll 6 ... CB^H^oOeN^Mg ... | „ 


Yellow 


Carotin • i „ 

Xanthophyll | „ 

A point of great interest in connexion with chlorophyll is that it 
contains magnesium to the extent of 2*7 % iio other metal is present. 
Chlorophyll a, when isolated, is a blue-black solid giving a green-blue 
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solution in the solvents in which it is soluble, i.e. ethyl alcohol, acetone, 
chloroform, ether, carbon bisulphide, pyridine and benzene. Chlorophyll 
b, when isolated, is a green-black solid giving a pure green solut ion : it 
has much the same solubilities as chlorophyll a. The two clilorophylls, 
however, can be -separated by their different solubilities in un*thyl 
alcohol. Both can be obtained in microscopic crystals. 

Carotin crystallizes in orange-red crystals, and xanthophyll inyfdlow 
crystals. 

In, the chloroplastids these pigments occur mixed with various colour- 
less substances, fats, waxes, and salts of fatty acids. 

When chlorophyll is spoken of, it will be understood to refer to the* 
green pigments and not to the yellow. 

The pure pigments, when isolated, are readily soluble in accitone*, c?thfr 
and benzene. When V(uy the^roughly elrieid nettles Ie*ave‘H are* tn*atc*c!' 
with pure acetone, no green colour is extractcid, but if a few drops ed* 
water are added, the extract bi‘comes green. Also if acetorui is jK>ured 
on to fresh leaves, the pignumt is extracted. The. (‘xplanation offcTi*d 
for these phenomena is that chlorophyll is present in a colloidal eonditicaii 
in the cell. This point will be considered again later (hob p. 35). 

The Common Netthi {Urtica) is the plant which has l>ei‘n used for 
material for the extraction of chlorophyll on a large H(ml(% and it also 
forms very useful material for extraction on a small w^ale, Th<* pigment 
has been found to be unaltered by drying, and, since dried Ieavc‘H involve 
far less bulk and dilution of solvents, mat(‘rial should be dried bf»fi>re 
using. Some leaves (Elder and Conifers) are spoilt by drying. From 
dried leaves pure solvents, such as petrol c^thc^r, benzene and act‘tonc% 
extract very little pigment for reasons which will be menfcionced later, 
bxit if the solvents contein a moclemte amount of water, the pigment is 
readily soluble. About 80% acetone is the best solvent. The nettle* 
leaves are removed from the stalks and laid on sheets of paper to dry. 
When well air-dried they are finely powderal, and the powder further 
dried at 30-40*^ C. in an incubator. Tht! leaf-powder can he kept for ii 
considerable time in a well-stoppered bottle. 

Bxpt 18. Estmetion ofpigmmU. Tw'o grams of leaf-pciwder ar© suck^ to a filttr- 
paper on a small porcelain funnel and 2-3 c.c. of 85% acetone are added. This m 
allowed to soak iiito the powder for a few minutes. The fluid is then siicik«l thwjiigh 
with the pump. The operation is rei)eat©d until m c.c. of the solvent l»v© Imm 
added, when the powder is sucked dry. A deep blue-graen wilution with.a md 
is obtained which contains all the four ppaente fmm ttie Tli# 
acetone extract thus obtained m then poured into doubl# the f ttantitj BlpmirdMk^r 
. contained in a separating funnel An equal quantity of dMW wiitwig added, this 
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being poured gently down tln^ Hide of the funnel in order to avoid thr^ formation of 
(*niulHioim. In tlie i‘onr.H<^ <»f a fe.w' ininuti^s, the ether layer Hc^parntea out and now 
contains the pigments, d'ho lower layer, which is slightly green, in run off. I'hr 
addition of distilled water and su I (.sequent removal of the lower layer is repivd ed 
about four times, in order completely to remove the attetone from the (‘ther aoliif ion. 
If the {‘ther .solatium should have become at all emnlsilied, it can he c'lf»a.n*d by 
sbaking with anhydrous sodium sulphate ami filtering. 

’'Die whole pro<;e.HH should ho repeated witli another 2 gms. of leaf powder and the 
pigimnii traiiHferr<»d to ethr/\ since a .Holnti<»n in this .solvent i.s required for lifer 
(ixpcriimmts. 

Ki'/ft, Ib. Jhinmtmtrnimn <>/ th*' rhltHUipItplfn tt it mi A. Of the pet rol 

ether solution from the hist experiment, JOe.i*. are .shaken witli lOe.e. of tPOViouethyl 
alcohol. Two layerM are fornieil of which the petrol eftlHU’ layer contains chloropfivll 
and the methyl alcoh<»l layer chlorophyll h, Tlie sfilution of cddorophyll o is blue 
gref^n, while that f>f clilorophyll It is a purer green, hut the (‘olour ditference IfotW’een 
them is diminisheii owing to the presem-e of the yellow fugmentH, of which carotm 
is in the peind (‘ther, and xanthopliyll in the. iitetliyl alcohol. 

Ah will h(* explained later, the gretui pigtrauitn of fdiforophyll can Im 
saponified by alkalis aiul are tdteii iimolidih^ in (dhereul solution. 11 hh 
method can he lulopted to .sf^pirate the greet* frotn tin* yellow pigments, 
xanthophyll and earoiiti. 

Kxpt, 2tt SejfMtmtinn nf ttud ptlltut* Shake ft c.c. of ati (♦t her 

solution of the pigments (Expt. IHj wdth sJ e.m <»f .Tt “/n eanstic |M»taHh in methyl 
alcohol (obtained by clisKolving IIO gtiis, of |adeiissiuni hydroxide in lon^M*. of metliyl 
alcohol *j. After the gmai eolour hm ri»iip|a«an?«h slowly add 10 c.c, of water and 
then add a little inori* ether. On shaking the tiist.titlK*, two layi^rs are pr('M|ii(‘f*i|, of 
which tlie lowcT wiitery'iilkalirie one eontaiiiN the saponifiis! gremi pigments, wddlw 
the carotin iirid xantfiophyll are (‘ontaini^d in the np|»!r etla^real layer, 

i^L t*f l/#c tmt ptdbtw pipmmtH. dlie i*ther lay»u* obfeidnr*d in 

the last ex|M*rimetit is waslntd with wab^r In a wfparHting fuitnel, and eta|iiiratf»d 
down to 1 €.€. It is then diluted with 10 e.e. of fadrol ether and neit luixeil with 
10 c.c. methyl #dcohoL methyl iilcoholtc layer is renerved iiiid the |>iu,ro| 
tithw layer is again treated tviih ineihyl alcohol and the methyl aleohol iigani 
removed. This procesH Is r<f|amti!d until the methyl alccdnd is no longer (^ofonreil. 
Ilia methyl alcohol contains tluf xinithophylh the fMftrol eth(?r the caret in. 

Further iiecotintsof file ycdlow {ligiiierits nm given on p. Ml, 

Ttici teat known renetions of cdilorophyll are those wltieh take jdiiei^ 
with funds and idkitliim PCHpeetively. 

(Jhlortiphyl! in a tieiitml siilmtoictb inni on treatnient wtiii alkiiHes,, 
it forms widts of fteids, the liitk*r bong known m ehlorophylliiw. These 
suits are soliihlo in wfitor fiintiifig gmm iolnfciotw whiefi are not however 

* The Ittialiyl alcoliiil uiiiil hi mwf pmm, dlhirwln® the ttiecilifilic pMuh wilt 
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fluorescent. Chl()roi)hyll a may be rej)re.seiite(l as tlie methyl phyty'l 
ester of an acid chlorophyllin (phytol is a primary alcohol, .sco p. 38): 

/COOCH;, ,COOH 

^COOCaiH;,,, ^COOH 

Ohloi’opliyll a Chlorophyllin 

On treatment in the cold with alkali, the ester is saponified, and ilio 
alkali salt of chlorophyllin is formed. .During saponification, tlieiv in a 
change of colour in the pigment, the so-called brown phasi*, follovvod by 
a return to green. 

Ex’pt. 22. Saponijication of a ndMuni of the (jrevn plgmmU, i'ottr a lift If* of tia* 
ether solution obtained in Expt. 18 into a test-tube, and in a pipette take, a little 
30 ^7o solution of potash in methyl alcoh<»L Place the lower end of thf? pipette at the 
bottom of the test-tuhe and allow the potash to run in below the {rhiorophyll sf»!u» 
tion. At the interface between tlie solutions there appears immediattdy a hrowin 
coloured layer which diffuses on shaking. In alKUit ti;n mimitfjs it ciiaiigeH hack 
tlirough an olive-green colour to pure green. 

The chlorophyll has been saponified to the potassium salt of tlmacid chh»rop!iyb 
lin. This salt is insoluble in ether, so if water is iwldod to l>ring about a separatitai 
of the two layers, the grijen colour is no longer present in tlie ethereal layer. 

The change of colour on sa{>onificati(>n is ditterent for the two 
chlorophylls, the brown phase produced in the abo’C^a mixfcurt* of chloro- 
phylls being due to a yellow phase pnaluced by chluropliyll u, imd n 
brown-red phase produced by chlorophyll 6. T'o danmnstriik^ this the 
phase test (Expt. 22) may also b(? carried out H(»panit<dy on the two 
chlorophylls. 

Expt. 23. Saponification of chlorophylU a and b separately. Tlic methyl alu<»hol 
solution obtiiined in Expt, 19 is transfen'ed to ether m in Kxpt. 18. lk>th the Ifitf 4 !r 
and the ].>etrol ether solution of chlorophyll a are saponified as in the previotw 
experiment. 

As already demonstrated the potassium mite of tht* chlorcijihyliiiis 
which are produced by saponification of the mixture of green pigtiieritH 
in the cold are not fluorescent. By saponification of chlorophyll with 
hot alkali, isochlorophyllins are formed (see Expt. 24 bedow) which ma 
fluorescent. 

On heating chlorophyllins with concentrated alcoholic a!kali«f«, a mmm 
of decomposition products, phyllins (also acids) are obtekied by reinotal 
of carboxyl groups. The final phyllin has only one carboxyl group. When 
this is removed, a substance, aetiophyllin, Cai H„N 4 Mg, is obtaiiieci which 
contains no oxygen (see Scheme 1, p. 34). 

Another difference between the resulte of treiitirig chlorophyll with 
hot and cold alkali is that in the former proee» the yellow pigineiite are 
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destroyed If then water is added after saponification with hot alkali, 
and the solution is shaken up with ether, the ether will remain colourless. 

When chlorophyll is treated with acids, a different reaction takes 
place. The chlorophyll changes in colour to olive-green and loses most 
of its fluorescence. The magnesium of the molecule is removed, being 
replaced by hydrogen, and the resulting product is termed phaeophytin 
(see Scheme 1, p. 34). 

From phaeophytin a series of decomposition products have been 
obtained, which fall into two groups, the phytochlorins and the phyto- 
rhodins. The phytochlorins are olive-green in colour, and are derived 
from chlorophyll a; the phytorhodins are red, and are derived from 
chlorophyll b. The phaeophytins from the two chlorophylls are indis- 
tinguishable until the above decomposition products are obtained. 
(The original discovery of two kinds of chlorophyll was brought about 
by the differentiation of these decomposition products.) 

A number of phytochlorins and phytorhodins have been identified 
and are designated by letters a, etc. By employing a uniform method 
of treatment, however, two of these products, phytochlorin e and phyto- 
rhoclin g, can be secured. 

The phytochlorins and the phytorhodins are of course magnesium-free 
compounds and can be obtained by the action of acid on the chlorophyllins 
and isochlorophylliris. Phytochlorin e and phytorhodin g, in particular 
are obtained by the action of acid on isochlorophyllins, i.e. they are ' 
magnesium-free isochlorophyllins. They are formed by the addition of 
acid to the products of saponification with hot alkali.’ 

The separation of the various phytochlorins and phytorhodins can be 
brought about by means of their different distribution between ether 
and hydrochloric acid : each compound can be extracted from ether 
according to the concentration of the acid used. 

E^^t. 24. The formation of phytochlorin and phytorhodin, 5 c.c. of an ether 
solution containing both chlorophylls a and h are evaporated to dryness in a test- 
tube in a water-bath, and the residue treated with 3 c.c. of boiling 30 7o potash 
solution in methyl alcohol, and boiled gently for half a minute. A liquid with a red 
fluorescence is produced which consists of a solution of the potassium salts of 
isochlorophyllins. The solution is diluted with double its volume of water, and 
concentrated hydrochloric acid is added until the solution is just acid. The liquid is 
then shaken with ether in a separating funnel : the dissociation products produced 
by the previous treatment pass into the ether solution which thus acquires an 
olive-brown colour. 

The ether solution is shaken twice, each time with 10 c.c. of 4 7o hydrochloiic 
acid (sp. gr. 1*02 i.e. 12*9 c.c. strong acid: 87*1 c.c. water), and the green-blue acid 
layer is separated and neutralized with ammonia and shaken with more ether, which 
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then contains in solution phytochlorin e, the derivative of ehloropl;iyn The phyto- 
chlorin e gives to the ether an olive-green colour. 

The ether layer remaining in the funnel, after the separation of fhe green-blue acid 
layer, is now extracted with lOc.c. of 12% hydrochloric acid gr. 1*06 i.e. 38-1 c.c. 
strong acid: 61*9 c.c. water). The green acid solution so obtaii^xed is diluted witli 
water and shaken with ether which then bec{)ines coloured red iind contains phyto- 
rhodin //, the derivative of chloroi)hyll b. 


If the phyllins are acted upon by mineral acids, they lose their 
magnesium in the same way as the chloroi)hylIins, ^xxid the series of 
substances obtained in this way are termed porphyrins. Thus aetiophyllin 
will give aetioporphyrin C:,iH 3 (jN 4 (see Scheme. 1, p. 34). 

The derivatives of chlorophyll which are free from iiaagnesium, such 
as phaeophytin, phytochlorin, phytoihodin, the various porphyrins, etc. 
combine readily with the acetates of some metals suoh. as copper, zinc 
and iron, and they form intensely coloured, stable compo lands. The change 
of colour is so noticeable that the smallest traces of certain metals can 
be detected in this way. Hence it is very diffieulh to prepare the 
magnesium-free chlorophyll unless the reagents are {>erfectly pure and 
all contact with certain metals is avoided. 


25. Substitution of copper for m.agnesium. in cMofophy lC, 2 c.c. of an ether 
solution of chlorophyll are shaken with a little 20% hydnxdiloric acid (sp. gr. ITO 
i.e. 62*4 c.c. strong acid: 37'6 c.c. water), and then washed with wiiter in a separating 
, funnel. In this way is produced in other solution the inagneBiiara-free chlorophyll 
derivative, phaeophytin. The solution is evaporated down on a water-bath, and the 
residue dissolved in 5 c.c. of alcohol. The Holution is olive-greon. in colour. This is 
heated and a grain of copper acetate or zinc a<Xitato m added. The colour changes 
back to a brilliant green, Init without fiuoreHcence (if all the olalorophyll has been 
converted into phaeophytin). 

* 

From the results of these recent investigations, it is now possible to 
write formulae for the two chlorophylls m follows : 

chlorophyll a N 4 lVlg) (COOCH3) (COOO^^oHs©) 

chlorophyll h (Cjt 2 H 2802 N 4 Mg)(COOCH 3 )(COOO^>H 3 e) 

from which it will be seen that the phytol comjmenfb a^mounts to one- 
third of the weight of the chlorophyll 

From the analyses of chlorophylls from different plaints, it was found 
that the phytol content varied, and plants which yielded little phytol 
most readily produced “crystalline chlorophyll/' a form of the pigment 
which has been known for some considerable time to previous workers. 
The Cow Parsnip (Heraclewm 8phondylium), Hedge Woiandwort (Stachys 
syhaMoa) and Hemp-nettle {Galeopm Tetrahit) are plaints which readily 
give ciystaHine chlorophyll In this oonne^ion it haa been suggested 
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that the chlorophyll in plants is acconipanied by an enzyme, chlorophyl- 
lase, which, in alcoholic media, brings about alcoholysis of the chlorophyll, 
and replaces the phytyl by the ethyl radicle. The products, formerly 
known as crystalline chlorophyll, are now termed cKlorophyllides : 

(Ca^H^oON^Mg) (COOCH,) (COOa^oHay) + C2H,,OH 

= C2()H390H + (C:}2H;}oON4Mg) (COOCH3) (COOCyHr,). 

Phytol Ethyl chlorophyllide 

Similar chlorophyllides are produced hy other alcohols. In aqueous 
solutions chlorophyllase brings about hydrolysis and the free acid 
chlorophyllide is formed (see Scheme 2, p. 34): 

(Ca^HaoON^Mg) (COOCH3) (COOC^oHaiO + H^O 

^C2oH390H + (C32H3oON4Mg)(COOCH3)(COOH). 

Chlorophyllide 

Chlorophyllase is a very stable enzyme ; it is not even destroyed by 
boiling in alcohol for a short time, but if leaves are boiled in water, the 
enzyme is destroyed. 

Bxpt 26. Microscopic exavaination of ethyl chlorophyllide. Prepare sections of 
fresh lleracleum leaves and mount them in a droji of 90 % alcohol. Leave the slide 
under a bell-jar containing a dish of alcohol. The section slowly dries in the course 
of half a day or a day. It is then examined under the microscope when there will be 
observed the characteristic triangular and hexagonal crystals of ethyl chlorophyllide 
(crystalline chlorophyll). 

Expt. 27. Production of methyl chlorophyllide in the leaf. Sections may be used 
as in the preceding experiment, or a piece of a leaf may be employed. In the latter 
case a test-tube with 4 c.c. of 75<7o methyl alcohol is taken and 1 gm. of fresh leaf 
is added to it. The leaf first becomes a darker green and then during the course of 
a few hours becotnes yellowish. On holding the leaf to the light there can be 
observed with the naked eye a number of black points. If sections of the leaf be cut 
and examined under the microscope, these spots api)eiir as aggregates composed of 
rhombohedral crystals, occurring in certain cells. 

Expt. 28. Extraction of ethyl chlorophyllide. Two grams of dry lleracleum leaf- 
powderare left for aday in a test-tube containing 6 c.c. of 90 alcohol. The extract 
is then filtered through a small porcelain funnel and the powder on the filter washed 
with a little acetone. The filtrate is mixed with an equal quantity of ether, and then 
with some water. The ether solution is transferred to a separating funnel and 
thoroughly washed with water, and then concentrated on a water-bath to ^ or 1 c.c., 
and 3 c.c. of petrol ether are added. On standing, the ethyl chlorophyllide is pre- 
cipitated in the form of crystalline aggregates. It is freed from yellow pigments by 
shaking with a little ether, and can be further puiified by redissolving in ether and 
precipitating again with petrol ether. 

Expt. 29. The action of chlorophyllase. Fresh leaves of a species rich in chloro- 
phyllase, e.g. Heracleum or Oaleopsis., are finely divided and put in a 70 acetone 
solution, 3 c.c. of solution being used for every gram of leaf-powder. The chlorophyll, 
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by means of the chlorophyllase, is hydrolyzed into phytol and the acid chlorophyllide. 
This can be demonstrated after about a quarter of an hour if the solution is diluted 
with water, transferred to ether and shaken with 0*05 sodium hydroxide. The 
sodium hydroxide takes u^) more colouring matter the further the enzyme action 
has progressed. 

Ex^t. 30. The destruction oj chlorophyllase. If fresh leaves of a species rich in 
chloro]Dhyllase are first steeped in boiling water for a few minutes before they are 
placed in the acetone solution, unaltered chlorophyll is extracted which does not 
react with dilute alkali. 
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By treatment with acids, magnesium is removed from the chlorophyl- 
lides, -with the production of the corresponding phaeophorbides. Thus 
methyl chlorophyllide a gives methyl phaeophorbide a, etc. (see 
Scheme 2, above). 

It has been previously mentioned that water-free solvents, such as 
acetone, ether and benzene, in which pure extracted chlorophyll is 
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soluble, will not extract the pigment from thoroughly dried leaves, but 
if a little water is added, it readily goes into solution. From fresh leaves 
also these solvents can extract the pigments. 

As an explanation of the above phenomena, it has been suggested 
that chlorophyll in the chloroplastid is in the colloidal state, and that, 
when water is added to the dried leaf, a solution of mineral salts in the 
leaf is formed which alters the colloidal condition of the chlorophyll and 
makes it soluble. This view is supported by the fact that if a colloidal 
solution of chlorophyll in water, made from the pure extracted pigment, 
is shaken with ether, the ether remains colourless. If, however, a little 
salt solution is added and the mixture shaken, the ethereal layer 
becomes green. In preparing the colloidal solution the solvent, acetone, 
is replaced by the medium, water, in which chlorophyll is insoluble. 

The condition of chlorophyll is altered by plunging the leaves into 
boiling water. The pigment is then much more readily soluble in ether, 
etc., even when the leaves are subsequently dried. It is supposed that 
the chlorophyll has diffused out from the plastids, and is in true solution 
in accompanying waxy substances which have become liquid owing to 
change of temperature. 

Exjit. 31. Fy^aparation of a colloidal solution of chlorophyll. Take 10 c.c. of an 
acetone extract of chlorophyll (Exjjt. 18) and pour this acetone solution into a large 
volume of distilled water (100 c.c.), the liquid being continually stirred. This opera- 
tion can be most conveniently done by taking the acetone solution in a pipette and 
allowing it to run o\it of the pipette while the latter is used as a stirring rod in the 
water. Note the change in colour to a purer green, and the disappearance of 
fluorescence. 

Expt. 32. To demonstrate the difference between a true and a colloidal solution of 
chlorophyll. Evaporate 10 c.c. of an acetone extract (Expt. 18) to complete dryness 
and test its solubility in ether, petrol ether and benzene. It is soluble in all three 
solvents. Now add these solvents to some of the colloidal solution prepared in the 
last experiment, and note that the chlorophyll does not dissolve in any of these 
solvents. If, however, some salt solution, e.g. a little magnesium sulphate, be added, 
the chlorophyll is precipitated from its colloidal state and is now soluble in ether 
and other solvents. 

Expt. 33. To show that chlorophyll in, the plant is probably in the colloidal 
condition. Some nettle powder is carefully dried, e.g. by keeping it at 30-40® C. in an 
oven, and then further drying in a vacuum desiccator over sulphimic acid. Small 
quantities of this dry powder are put in test-tubes, and diflterent pure water-free 
substances such as acetone, ether, benzene and absolute alcohol are added. Note 
that these solvents are not coloured by the chlorophyll. It can be demonstrated that 
the extracted pigment is easily soluble in any of these substances. Repeat the experi- 
ment with nettle powder moistened with a few drops of water, and note that the 
solvents are immediately coloured. 
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Exft. 34. Pnre solvents are able to extract chlorophyll from fresh leaves. Crush 
10 gms. of fresh leaves of nettle, horse-chestnut or elder in a mortar with some clean 
sand, and put the crushed material on ix filter-paper in a porcelain funnel. Add 
20 c.c. of pure acetone and suck it through by naeans of a water-pump. Repeat this 
several times. The pure solvent is here able to extract the pigment. 

Escpt. 35. Treatment of fresh leaves %oith hailing water changes the condition of 
the chlorophyll. l)ry a quantity of leaves which have been put in boiling water and 
examine their solubility as in Expt. 33. Note that the chlorophyll in this pow'der is 
soluble in pure solvents. 

There is finally another change which chlorophyll can undergo, 
namely that of allomerization, which takes place in alcoholic solution. 
The characteristic of allomerized chlorophyll is that it does not give the 
brown phase when treated with alkali (see Expt. 22). Allomerization is 
accelerated in alkaline solution but inhibited by small quantities of acid. 

Exjpt. 36. To demonstrate that allomerized chlorophyll does not give the hrown 
phase test. Dissolve a little crude chlorox)hyll, obtained by evaporating an ether 
solution,, in absolute alcohol. To a sample of this add a little alkali, and perform the 
phase test, from time to time, till at last the brown phase no longer appears. 

Connexion of Chlorophyll with Formaldehyde. 

In addition to the above, another chemical property of chlorophyll 
of great interest, is that connected with the production of formaldehyde. 
Those investigators, who have sought to confirm the formaldehyde 
hypothesis of carbon assimilation, have based their evidence on tests for 
formaldehyde both in the plant and in chlorophyll-containing systems 
outside the plant. By exposing films, or solutions, of chlorophyll to light 
in presence of carbon dioxide, they have detected formaldehyde as a 
result (Usher and Priestley, 5). 

The most recent investigations (Jorgensen and Kidd, 2) have shown 
fhat the experimental evidence is at present inadequate to support the 
hypothesis, since formaldehyde arises from chlorophyll itself in the 
absence of carbon dioxide. 

In this later work (Jorgensen and Kidd, 2) on the behaviour of ex- 
tracted chlorophyll in light, use has .been made of a colloidal solution (see 
p. 35) of pure chlorophyll (chlorophylls a and h) for experimental work. 
The solution for this purpose must be prepared from* pure chlorophyll, 
which has been tested and shown to be free from yellow pigments, since 
the latter absorb oxygen and may confuse the issue of the experiment. 
The pure chlorophyll is prepared by extiacting dried nettle leaves with 
80-85 Yo acetone in the usual way and transferring to petrol ether (p. 28). 
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The petrol ether extract is then washed with 80 ^/o acetone to remove 
colourless impurities, and with 80 7o methyl alcohol to remove xantho- 
phyll. Finally all traces of acetone and methyl alcohol are removed by 
washing with water. This renders the chlorophyll insoluble in petrol 
ether, since it is only soluble in this solvent if traces of other solvents 
are present. Hence the pigment is precipitated out as a fine suspension, 
leaving the carotin in solution. The chlorophyll is filtered off through 
powdered talc, taken up in ether, reprecipitated by petrol ether and 
finally obtained as a blue-black micro-crystalline substance. The col- 
loidal solution or sol is made by dissolving 0*4 gm. of pure chlorophyll in 
3 c.c. of absolute alcohol and pouring into 300 c.c. of distilled water. 

The advantage of using such a solution is that the experimental 
conditions, in all probability, approach more nearly to the conditions in 
the plant, and reactions with other substances take place more readily 
than when the chlorophyll is used as a film. The use of pure, instead of 
crude, chlorophyll is also important as by this means it is possible to 
determine the changes taking place in chlorophyll itself without complica- 
tions arising from the accompanying impurities. The discordant results 
of various workers on this subject are doubtless due to the employment 
of crude chlorophyll. Ethyl alcohol is the best solvent for preparing 
the sol since it does not produce formaldehyde when exposed to light 
under ordinary circumstances in glass vessels. Methyl alcohol and 
acetone should be avoided as they themselves either contain or give rise 
to formaldehyde. 

The chlorophyll sol is electro-negative. It is stabilized by weak 
alkalies, but precipitated by weak acids. 

Working with such a colloidal solution the results may be summarized 
as follows. 

When a chlorophyll sol is exposed to light in an atmosphere of 
nitrogen in a sealed tube, no apparent change takes place in the chloro- 
phyll, and no formaldehyde is produced. 

When exposed in an atmosphere of carbon dioxide in a sealed tube, 
the chlorophyll rapidly turns yellow- or brown-green. In the case of 
sols of high concentration, the colour-change is preceded by precipitation 
of the pigment. The same change takes place in the dark, only more 
slowly. No fonnaldehyde is produced, and no absorption of carbon 
dioxide could be detected. The yellow product has been shown to be tile 
magnesium-free derivative, phaeophytin, which is produced from the 
pigment by the action of acids. The changes observed are explained by 
the fact that the carbon dioxide, acting as a weak acid, first precipitates 
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the sol, if concentrated, and then acts, like other weak acids, on the 
chlorophyll, producing phaeophytin. If the solution is kept neutral by 
addition of sodium bicarbonate, there is no colour change. The identity 
of phaeophytin was shown by the spectrum and by the restoration of 
colour on adding a trace of copper acetate. 

When exposed to light, and the atmosphere in the sealed tube is 
replaced by oxygen or air, the chlorophyll turns yellow- or brown-green 
as before and then bleaches. The change of colour from green to yellow 
or brown is again due to the formation of phaeophytin, this being brought 
about by the presence of an acid substance, which is produced during 
bleaching, and increases throughout the process. Formaldehyde can l)e 
detected in a very slight amount during bleaching, but is formed in 
much greater quantity after bleaching is complete. 

It is suggested that the formaldehyde is produced by the oxidation 
and breaking down of the phytol component of the chlorophyll : • 

CH3— CH— CH— CH— CH— CH— CH— CH— C = C— CH2OH 

I I I I I I I I I 

CH3 CH3 CH3 CH3 CH3 CH3 CH3 CH3CH3 

There is no reason for ascribing to any of the above reactions any 
part in carbon assimilation. There is at present no hypothesis, supported 
by satisfactory evidence, as to the process of carbon assimilation. 

Expt. 37. Detection of formaldehyde a product of oxidation of (Mm'ophylk 
Extract 2 gms. of dried nettle leaf powder with 20 c.c. of 80 % acetone and transfer 
it to petrol ether as in Expt. 18 . Then shake the petrol ether extract four or five 
times with an equal volume of 80 7o acetone to remove colourless impurities. Next 
the petrol ether extract is similarly shaken up with 80 7o methyl alcohol which 
removes the xanthopbyll. This should be repeated until the methyl alcohol is 
colourless. The petrol ether is finally washed repeatedly with water to renuiv^a triicm 
of acetone and methyl alcohol. The chlorophyll is in time precipitated as a fine 
suspension, being insoluble in pure petrol ether. This suspension is filteiml through 
either kieselguhr or powdered talc on a small porcelain filter. The chloro|>hyll is 
extracted from the powder on the filter with as small a quantity as possible of 
absolute alcohol. This alcoholic solution is then poured, with constant stirring, into 
100 c.c. of distilled water by which means a colloidal solution of chlorophyll is 
obtained. 

The test to be employed for formaldehyde is as follows (Schryver, 4). To 10 c.e. of 
the liquid to be tested add 2 ac. of a 1 7o solution (freshly made) of phenylhydmzine 
hydrochloride, 1 c.c. of a 57o solution (freshly made) of potassium ferrieyanide and 
5 c.c. of concentrated hydrochloric acid. If formaldehyde is present a pink to 
magenta colour is developed, either deep or pale, according to the quantity of fonn- 
aldehyde. The reaction is due to the formation of a condensation product of 
formaldehyde and phenylhydrazine, and this compound, on oxidation, yields a weak 
base forming a coloured salt with concentrated hydrochloric acid. The salt is 
readily dissociated again on dilution of the solution. 
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Two modifications (Sohryver, 4) can be adopted in applying this test. First, in 
testing for formaldehyde in pigmented solutions, the following course can he pursued. 
The reaction mixture, after addition of phenylhydrazine, ferricyanide and hydro- 
chloric acid, is diluted with water, and ether is added in a separating funnel. The 
hydrochloride of the chrornatogenic btise is dissociated and the base is taken up hy 
the ether. The aqueous solution is run off, and on addition of strong hydrochloric 
acid to the ether, the base passes into the acid as a coloured hydrochloride again. 
By using a small quantity of acid, the sensitiveness of the test is increased, since tlie 
colour is now distributed through a small quantity of liquid only. 

The second modification consists in warming the solution to be tested for 
a short time with the phenylhydrazine hydrochloride before adding the other 
reagents. In this way, formaldehyde can also be detected if it should be in a poly- 
merized form. 

As a control, 10 c.c. of the colloidal solution of chlorophyll should be tested, 
using both the above modifications. The remainder of the solution should be 
exposed to sunlight (or the light from either an arc or mercury vapour lamp) in a 
loosely corked vessel, until it is completely bleached. The bleached solution, on 
testing, will be found to give a positive test for formaldehyde. 


The Yellow Plastid Pigments. 

These have already been mentioned in connexion with the leaf 
pigments (pp. 28 and 29). In addition, however, they have a further 
significance in that they constitute the pigments, located in plastids, 
of most yellow and orange flowers and fruits. Sometimes also they occur 
in other organs, i.e. root of Carrot (carotin). 

Carotin, CjoHjio, is an unsaturated hydrocarbon. It crystallizes in 
lustrous rhombohedra which are orange-red by transmitted and blue by 
reflected light. It is readily soluble in chloroform, benzene and carbon 
bisulphide, but with difficulty in petrol ether and ether. 

One of its most characteristic properties is that it readily undergoes 
oxidation in air, and becomes bleached. With concentrated sulphuric 
acid it gives a deep blue colour. 

XanthophyU, C4oHg0O2, also forms yellow crystals with a blue 
lustre. It is soluble in chloroform and ether, hut insoluble in petrol 
ether. It is more soluble than carotin in methyl alcohol. It gives 
a blue colour with sulphuric acid, and also oxidizes in air with bleaching. 

The separation of the two pigments (see Expt. 21) is based on the 
fact that in a mixture of petrol ether and methyl alcohol containing a 
little water, the carotin passes entirely into the petrol ether, whereas fche 
greater part of the xanthophyll remains in the methyl alcohol layer. 
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CHAPTER V 


CARBOHYDRATES AND THEIR HYDROLYZING ENZYMES 


The carbohydrates which occur in plants may be classified as 
follows : 

rPentoses, CnHioOg — Arabinose, xylose. 

Monosaccharides J Hexoses, Glucose, galactose, 

I mannose, laevulose. 


Disaccharides . 
Trisaccharides 


Polysaccharides 


[Sugfose, maltose, C 12 H 22 OU. 

{Raflfinose and others. 

^Pentosans, (C6H804)n — Araban, xylan. 
j Starches, (C 6 Hio 05 )n — Starch, dextrin, inulin. 
^ Mannans, galactans, gums, mucilages, 
pectic substances. 

^Celluloses, (CeHioOs)^. 


The carbohydrates are widely distributed in plants and form most 
important pai'ts of their structure. Those most commonly found are : 
cellulose, starch, pentosans, dextrin, glucose, sucrose, laevulose, and 
maltose. Other sugars, especially trisaccharides, are known in addition 
to those mentioned above, but they are somewhat restricted and specific 
in their distribution. 

As in the ca je of the proteins, so with the carbohydrates, the molecules 
of the more simple and soluble crystalline compounds, such as the 
monosaccharides, are synthesized into more complex molecules which 
exist, either in the colloidal (dextrin), or insoluble state (starch, cellulose). 
The last^-mentioned build up parts of the solid structure of the plant. 
The resolution of the solid complex substances into simple ones is 
known in many instances to be brought about in the plant by enzymes, 
and it is highly probable that the synthesis of the complex from the 
simple is also controlled by these enzymes. 

The most commonly occurring sugars in plants are glucose, laevulose, 
sucrose and maltose: sucrose is hydrolyzed by the enzyme, invertaso, 
into one molecule of glucose and one molecule of laevulose : lAaltose by 
the enzyme, maltase, into two molecules of glucose. Both jnvertase and 
maltase are widely distributed. The connexion between various sugars 
and photosynthesis, and their inter-relationships with each other in the 
leaves, are reserved for another section. 
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Of the polysaccharides, cellulose is universally distributuMl in higinn* 
plants and constitutes the greater part of the col I- walls. Tin* pentosans, 
galactans and niannans also, but to a h‘sser degre(% art* components of 
their structure. Starch, in addition, is very wid<‘ly distriljuted : it is 
converted by the enzyme, diastase, into dextrin and nialtosi*, and po.ssibly 
the same enzyme also controls its Hynth(‘sis. Insonn^ plants no starc‘li 
is formed, and its place in metabolism is tak(‘n by inulin or cane-sugai’. 

The various carbohydrates will first b(i d(‘alt with in detail, and lat<‘r 
their inter-relationships will be considenjd. 

Monos A ccH A u ii )b:s. 

These are termed tetroses, pentoses or hexoscjs according to tin* 
number of carbon atoms in the? moleciih*. Tln-y contain primary 
(- CH 2 OH) or secondary (==CHOH) alcohol groups, and tuther ati 
aldehyde (— CHO) group, as in glucose, or a ketone (» (>== O) gnaip, m 
in laevulose. They are, as a class, white crystalline substanccH, noluble 
in water and aqueous alcohol, but insoluble in ether, ac^etoiu* and many 
other organic solvents. They are capable of cau’tain characteristic 
chemical reactions which form a laisis for tlnur detection and (‘Htimatiom 
One of the most important is that cormectiKl with the aldidiyde and 
ketone groups, owing to which they act as reducing agents, being tlitnii'* 
selves oxidized. The reducing action usually em|)loyed is that which 
takes place with copper salts in hot alkaline solution, whtu*id)y eiipriUiH 
oxide is formed. Hence they are termed reducing’' HUgarn. Another 
important reaction is the formation of crystalline osiizones (only in the 
case of sugars with aldehyde or ketone gi*ou|)s), which, by virtue of 
their melting points and characteristic crystalline forms, constitute, in 
several cases, valuable tests for the presence of sugars. 


PENTOSm 

These sugars contain five carbon atoms, and have the general formiila 
OsHjoOg. They are said to be present in the free states to some lixtctnt 
in leaves (Davis and Sawyer, 10). In plants they occur chiefly, however, 
as condensation products farmed with elimination of water. 1'hese 
products are termed the pentosans, and are widely distributed; on 
hydrolysis they yield pentoses again. The various giiins foiiitcl in plants 
consist largely of pentosans, and the pectins also contain |Minto»i groups; 
both consequently yield pentoses on hydrolysis (see pp. 61 and 64). 
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If we examine the structural formula of a pentose, as for example, 
arabinose : 

H— C = O 

I 

HO—C*— H 

I 

OH 

I 

H—C^—OH 

I 

H— 6— H 

I 

OH 


we see that each of the three carbon atoms marked * is united to four 
different atoms or groups of atoms. Each of these carbon atoms is there- 
fore asymmetric, and, with regard to it, there are two possible isomers 
(see p. 9, Cole, 3, for stereoisomerism). It will be found on examination 
that there are eight possible isomers of the formulae given above : 



CHO 

1 


CHO 

1 

HO- 

1 

H 

H" 

1 

OH 

HO- 

1 

-C— H 

1 

H- 

1 

-C— OH 

I 

HO- 

H 

H- 

1 

__Q OH 


1 

CHjOH 


1 

CH 2 OH 


Mlibose <i-Ribose 

CHO CHO 


H— C— OH HO— C~H 

1 I 

HO— C— H H— C— OH 

I I 

HO— C— H H— C— OH 

I I 

CH.pH CHgOH 

^-Arabinose (i-Arabinose 


CHO CHO 

I I 

H— C— OH HO— C— H 

I I 

HO>^ -C— H H— C— OH 

I I 

H~-C— OH HO— C— H 

I I 

CHyOH CHsiOH 

^Xylose (/-Xylose 

CHO CHO 


H— C- 

1 

_OH 

HO- 

-C- 

I 

— H 

1 

H— C- 

--.OH 

HO- 

1 

-C- 

1 


j 

HO— C- 

-H 

H— 

1 

-c- 

-OH 


CH^OH CH^OH 

^-Lyxose (i?-Lyxose 

unknown 


Of these only seven have been isolated. The two pentoses which 
occur in plants are i-arabinose and i-xylose. These, however, are known 
almost solely as condensation products, pentosans, in gums, woody tissue, 
etc. The pentoses form osazones (see p. 49 for reactions and composition). 

Arabinose. This sugar occurs as the* pentosan, araban, in various 
gums, such as Cherry Gum, Gum Arabic, etc. (see p. 45). 

Some of the properties and reactions of the pentoses are demonstrated 
in the following experiments. 
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Ex'pt 38. TesU for arahinom. For reactions a ~Q use a 1 <>4, solution of arabinosc^ : 
for reaction / a 0*2 % solution. 

If pure arabinosc is not available, a solution f<jr tests a, h and r can be prepared 
from gurn arabic. Boil 5 gins, of the gum in 100 c.c. of water with lo c.e. of (con- 
centrated hydrochloric acid for 5 minutes and then ncuti’a}iz(^ to litmus with alkali. 
Such a solution is only suitable for tlie specific tests for arabinoscc, since it also 
contains galactose (.see p. f)l ). For tests a, h and c small pieces of solid gum a,rabic: 
may even be used. 

(a) Heat a few c.c. of the sugar solution in a t(‘st-tube with about half its volume 
of concentrated hydrochloric acid. In the mouth of the iest-tulxf placu* a piece of 
filter-paper soaked with aniline acetate (made by mi-King erpial (|muititi(;H of anilim% 
water and glacial acetic acidj. A pink colour will he produced in the pajK*r. This is 
due to the fact that furfural is formed hy the action of the acid on tlif^ pentose, and 
the furfural then gives a red colour with aniline acetate solution : 


iOH 

I I . 

CH— CH—OH^ 

! 

CH-.C 

i I 

!OH I 

‘ H 

Arabinose 


OH 

^0 = 0 


CH*=CH 

i >° 

C 

I 

H 

Furfural 


O 


Tins rwiction, however, is also given hy the liexoses hut tt» a mucli Iiwh 
extent. 

(h) Wann a few c.c. of the sugar solution with an etpial volume of ctniccntrated 
hydrochloric acid in a te8t-tiil)e, and add a small quantity of ]>h]oroglucln. A bright 
red coloration is produced. 

(a) To a few c.c. of the sugar solution in a test-hjhe add an equal quantity of 
concentrated hydrochloric acid, and then a little solid orcinol. Divide the solutirui 
into two equal imrtions. Heat one p()rtion. TIk? wdution will hec<uiie rtfd changing 
to violet and hnally blue, blue-green or grmi. To tlie tdlicr portion, after heating for 
a time, add a few drops of ferric chloride solution. A deiq» grwm colour is at 
once produced. In lH>th casern, on the atldition of a littk^ amyl alcoh«»l, fch«^ grtaui 
colour will Im extracted by the alcohol. 

(d) a-Naphtliol reacjtion. Add to a little of tlie sugar solution a few cirtqw of u 
1 % solution of a-nai)hthol iri alcohol Mix the twc) solutions and then run in alMHit 
5 c.c. of concentrated sulphuric arid d(wn the side of the test-tiilMi, A violet cadorii* 
tion is produced at the junction of thtj two liquids. The coloratloti is dim to it 
condensation product of a-naphthol with furfural, the latter kdng form«l by thi! 
action of the acid on the carbohydrate. 'I'his reaction is likewise given by liuiviilosu 
and cane-sugar (since it yields laeviilose, mm p. 52), and less strongly by gliicon© and 
maltose ; also by some proteins wdiich contain a carbohydrate 

(e) Boil a little of the arabinose solution with a few clro|« of Fiililitig’i# soliitioiL 
Reduction will take place. 

( f ) Make the osaaxme of arabinose following the instrucfcbiii given for giiiccmiuoiici. 
(see p. 49). 
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A solution of arabinoso which will give tin* pcnt.oso n‘a(^t.ions ftjui also 
bo obtainod by hydi'olysis of (Jliorry (bini. Uto gtua oo/.os fnuu tlio l)ark 
of va,rious Hpo(:i<*s of Prufui.s, siudi as tho (Jh(‘ny {PrmtKH UvraHits) and 
the Bird Cherry (7k Padus), 

Kf-pt, .'tU. 4if if Htt/iifunt from, (herrif (hfm. 'ria? is hoaO‘«h 

on a wator-bath in a r(aind“hott.(an<‘«l flank fiUod with arj air <*on(Uai.Hcr h witli 
(lilnh^ snlplmric atrid fl pt-. hy \vt. gum : 7 pin. hy vrt. of 1 “ „ nulphurif acidi Ibr 
about a hours. ThcHolution in then naiitraliz<Ml with <*.ah'iuni <‘aVhona.t<* and filtered. 
P«‘rfbrin the It and e cjf Kxpt. nHuu the .sf^lution. A po.sitive result, in obtained 

in oaeh ea.se. Since the .solution eontaiiis other .Hugnr.s a.s inipuritieM, it eannot <*on 
elusivcdy be used hu* tents (f e and /. if a ^'on.siderahh* (juantity of gum is avaihdile, 
ery.stalIi/.a.iion of arai»inoHe .should ho. attempted hy eoueeiitratiiig the atpasuih nugar 
solution, e.Ktraeting thin with 90 aleohol and again eoneiuU rating in a desiec^ator 
(see p. 53). If a vory smail quantity of gum only is availahle, thc^ testa rq f» atul e 
should he, performetl dirinOly on a. small piece <»f th<? gum in a test IuIh*. 

A puHT propurution <d' arabinosiq whicdi may be u.s(‘cl for all tlie test s 
of Kxpt. <*ati he oldairiefi liy the hyitroly.siH of aralnui (h(U‘ Kxpt. 4H). 

Xylose, "rhin niigar <a*(:urH very widely <listribul,t‘d in Wiaaly (issttens 
th(‘ pentoHan, xyhin (Hee p. A H<duii«in of xylt^se wltich will give the 
])onto.se n^actionn enn be obtained from the hydrolyHi.s of .straw. 

Kf’pt, to. (fj'ylimr mfbition frfNtiHtrtim. lake ai»out 50 gm’^. ofstr*aw\ 

which has Wot cfit up into Httmll piiH’es, and put it into a rottmblMdtotned tfawk 
fitted with an air comhuiser. Add sufficient 5%Hulphune ac^hl to cover the straw 
iuid latat (ui a wat<»r bath for .3 hrs, Filhu* off tlie s<dution, ni«utrali/,e with 
cakdum carhoiiati* and filter again. Make with the Holuti(»n tite, tests a am! c of 
Kxpt. 3H. 'Fhe solution will also reduce Frdilings solution strongly, lint this rttduetion 
may he partly (Urn to other sugars fonm'il in the liydrolysis. 

The preseneo of xyliui giving the iMUibwe reai;t4ons can also 1st tiiimruwtraterl tn 
straw, bran or mwdu»t hy merely heating small quantities of these substanccM in a 
tcHidailK^ with the abrive rtmgifiits ^see K.t|it. •Iffi. 

A piinw sobitiori of xylosi* am be obtaineil from the ItydroIystM td" 
xylan (nee Ex|>t. 51). 

When xylose is oxidi/aHl with briniiiiH.% it yields xylonie ncid wddidi 
hits a ehiimeteriHiic cmdniitirn The formation «d’ this suit is nseil m n 
methcKl for i<lenfcifying the sugar (si'u.? Kxpt. ill). 

llHxmm, 

Oltieom 11iis Hiibstance, wfiieh is itlso known m grap»-stigar, is vioy^ 
common and vary widely disfcritmtoi in pliiiifc^. It ewetirs in tin* 
of kavoi, iterrig, rmits, iciwem and Iriiits. It m pnabieed as a t'i*siilt of 

* L#i. » wlif* fif ittWng tilKiut » fl. long imssirig ihrmtgli iliii c?t>rk. 
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the hydrolysis of cane-sugar and maltose*, and, in all pn>l>al)ilitv, is tlie 
first sugar synthosizied from carbon dioxide and water. It-s syn thesis and 
its relationships to other sugars will be discusscMl latc^r (sec* p. (>9). It is 
a white crystalline substance, readily soluble in wat(‘r and aqm^ojis 
alcohol, but only slightly soluble in absolute alcohol. 

If, as in the case of a pentose, we (‘Xarnine the structural foriinda foi* 
a hexosc, such as glucose : 

H— C^—OH 
HO— -C^—H 
H— OH 
H— C<«^^»OH 

I 

H-~C-~ H 

I 

OH 


we see that there 

are four carbon atoms marked * wluc'h an* unit 

to four different groups of atoms. I 

t will be found in this case that the 

are sixteen possible 

isomers : 


OHO 

1 

OHO 

1 

CHO * CHO 

X 

O 

1 

-o- 

1 

X 

1 

HO— C- H 

1 I 

H 0— C—H H— C— “0 H 

1 

H~.-C— OH 

i 

1 

HO C— -H 

1 

1 1 

H— .0— OH HO»-C H 

X 

0 

1 

X 

1 

H— C— OH 

1 1 

HO— C—H H—C— OH 

! f 

1 

HO C H 

1 

»OH 

i 1 

HO— .H M— 0—014 

1 

CHaOH 

1 

CHjjOH 

iiHaOH (IsHbOH 

^-MannoHe 


^Gluc( wi ti 4 lhm( m* 


CHO 

CHO 

CHO 

CHO 

1 

HO— -C—H 

1 

1 

H— C — OH 

1 

1 

H— C-*.OH 

1 

1 

1 

H ^C OH 

1 

HO O u 

H,„ r 0 ™,. 0-|4 

I 

HA ,n nO if 

H0-— 0—-H 

i 

H_C— OH 

j 

HO-i—H 

H—k— OH 

i 

j 

H— .0— -OH 

1 

HO— C—H 

1 

1 

1 

HO— 

1 

CHtOH 

CH^OH 

1 

CHgOH 

CHgOH 

Wdose 

df-Ido»e 


if-QiiIiw© 
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CHO 

CHO 

1 

CHO 

CHO 

1 

1 

HO— C— H 

1 

H— C— OH 

1 

H— C— OH 

1 

HO— C— H 

1 

1 

H— C— OH 

X 

1 

-0- 

1 

0 

X 

X 

1 

“O- 

1 

0 

X 

HO— C— H 

1 

1 

H— C— OH 

X 

0 

1 

-0- 

1 

I 

H—C— OH 

HO— C— H 

1 

I 

0 

1 

-0- 

1 

I 

1 

H_C— OH 

1 

1 

HO— C— H 

H— C— OH 

1 

1 

CH. 2 OH 

1 

CH 2 OH 

1 

CH 2 OH 

CH 2 OH 

/-Galactose 

Cl?- Galactose 

Z-Talose 

cZ-Talose 

CHO 

CHO 

CHO 

CHO 

1 

1 

HO— C— H 

1 

H— C--OH 

1 

1 

H-~C— OH 

HO— C— H 

1 

1 

HO— C— H 

1 

H~C— OH 

1 

1 

HO— C— H 

1 

H~C— OH 

1 

1 

HO-, — 0 — H 

f 

1 

H— C— OH 

1 

HO— C— H . 

H—C— OH 

1 

I 

l 

— 0- 

i 

0 

X 

1 

H— -C— OH 

1 

1 

HO— C— H 

H— C— OH 

1 

1 

CH 20 H 

1 

CH 2 OH 

j 

CHjjOH 

CH 2 OH 


These four unknown 



Though many of the above sugars have been synthesized artificially, 
only three are known to occur naturally, i.e c?-glucose (dextrose or grape- 
sugar), d-mannose and d-galactose. 

Since compounds containing asymmetric carbon atoms are optically 
active, i.e. can rotate a plane of polarized light, it follows that the sugars 
under discussion are optically active. 

d-glucose is dextro-rotatory. 

When either d- or Z-glucose is hrat dissolved in water, it is chemically 
less active than would be expected of the aldehyde form depicted above. 
This is explained by assuming that glucose, when first dissolved in water, 
exists in the condition of a 7 -lactone ; 
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In the above state the carbon atom marked * is also asymmetrii- so 
that two forms of glucose are possible, a- and y0-g]iu:oH(‘ : 




H— c— OH 


H— c— OH 


CHiiOH 

«-( JIUCOHO 


CHoOH 

^-iWnvA >H(‘ 


In solution, both the abovt‘ fonns ])ass by tautoinerisiui int.o iIk* 
aldehyde form. 

In the plant there are, as will b(^ deseril)ed later ( [). 1 42), imuiy ar« unatic! 
and other cornpounds containing om^ or more hydroxyl groups. TheHi* 
hydroxyl groups of the aromatic substanccis are frcn|U(*nt!y replae(*d l>y 
a glucose (or other sugar) rnolecuhj, a.n<l siudi <‘,ompouncls ar«». tennt*<l 
glucosides, as, for instance, salicin, the glueoside (d’ salicylic alcohol which 
occurs in Willow bark (see p. 152) : 

H 



HO-— C— OH 

1 

CHaOH 

Salicin 

These substances, moreover, may be clasBified either as a* r>r 0- 
glucosides according to which of the above a or 0 forms of glittjosf* 
combine with the residual part of the compourici Various gliicosidcM will 
be dealt with in Chaps, vn and ix. 

Expt 41. TesUfor gluam. Before dealing witli the sugars actimlly IwilatecI froriii 
the pknt, it is advisfible that the following tcwte and reactioiw slionld |airform«^ 
■with i)ur© glucose tising a 0*2 solution. 

(a) MooriB tmt Boil a little of the glucose mdution with an e«|iifil voliitrte of 
caustic soda solution. A yellow* colour is develoi^d which m du# to the fornialioii of 
a condensation pwKtuct (caramel) of the sugar. 
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(b) Trommer's test. Add a few drops of a 1 % copper sulj)hate solution to 2-3 c.c. 
of 5 % caustic soda solution. A blue precipitate of cupric hydroxide is formed. Add 
now 2-3 c.c. of the glucose solution, and the i)recii)itate will dissolve. On boiling, 
the blue colour disappears, and a yellow or red precipitate of cuprous oxide is formed. 
If only a little sugar is present the blue colour will disappear, but no oxide may 
1)6 formed. 

(c) Fehling^s test. Boil a few c.c. of freshly made Fehling’s solution in a test-tube 
and note that it is unaltered. Then add an equal quantity of the glucose solution 
and boil again. A red precipitate of cuprous oxide is formed. 

(d) Osazone test. Take 10 c.c. of a 0*5 % solution of glucose in a test-tube and 
add as much solid phenylhydrazine hydrochloride as will lie on a sixpenny piece, 
at least twice as much solid sodium acetate and also 1 c.c. of strong acetic acid. 
Warm gently until the mixture is dissolved and hi ter into another test-tube. Then 
place the tube in a beaker of boiling water for at least ^ hour, keeping the water 
boiling all the time. Let the test-tube cool slowly, and a yellow crystalline deposit 
of phenylglucosazone will separate out. Examine this under the microscope and it 
will be found to consist of fine yellow needles variously aggregated into sheaves and 
rosettes. Glucosazone melts at 204-205° 0. 

The osazone reaction takes place as follows : 

CHPH(CH0H)4CH0-{-H.2N •NHCoH/i = CH.20H (CHOH)4CH : N • 

Glucose phenylhydrazone 

The phenylhydrazone is very soluble, but if an excess of phenyl- 
hydrazine is used, a second hydrazine complex is introduced and an 
insoluble osazone is formed : 

CH^OH (CH0H)3— C— CH:N -NHCoHr, 

II 

N-NHCoHo 

Glucose reacts in this way by virtue of its aldehyde group. Phenyl- 
hydrazine hydrochloride does not give an osazone when boiled with 
glucose unless excess of sodium acetate be added. This acts on the 
hydrochloride to form phenylhydrazine acetate and sodium chloride. 

Galactose. Galactose rarely, if ever, occurs free in plants, though it 
is fairly widely distributed in the form of condensation products, the 
galactans, in combination with other hexoses and with pentoses (see p. 60). 
These galactans form constituents of various gums, mucilages, etc. 
Agar-agar, which is a mucilage obtained from certain genera of the Red 
Seaweeds (Rhodophyceae), yields a high percentage of galactose on 
hydrolysis with acids. Galactose also occurs as a constituent of some 
glucosides from which it may be derived on hydrolysis. 

One of the most important reactions of galactose is the formation of 
mucic acid on oxidation with nitric acid. Mucic acid is practically 
insoluble in water and separates out as a crystalline precipitate on 
pouring the products of oxidation into excess of water. 


50 


CARBOHYDRATES AND THEIR 


[CH. 

Exft. 42. Preparation o f galactose from agar-agar. Weigh out 50 gms. of agar- 
agar. Put it into a round-bottomed flask fitted with an air condenser (see p. 45). 
Add 500 C.C. of 2 % sulphuric acid and heat on a water-bath for 4 hrs. Neutralize 
the solution with calcium carbonate and filter. Concentrate on a water-bath to a 
syrup. On standing, crystals of galactose will separate out. Then add a little 50-75 
alcohol and warm gently on a water-bath. By this means much of the dark-coloured 
product will go into solution and can he poured off leaving the crystalline residue. 
Take up this residue in a little hot water, boil well with animal charcoal to decolorize 
the solution and filter. Goncentrato figain on a water-batli. On cooling, colourless 
prisms of galactose will separate out. 

Ex'pt 43. Oxidation of galactose to mueic add. Heat the galactose obtained in 
the last experiment with nitric acid (1 gm. galactose to 12 c.c. of nitric acid of sp. gr. 
1T5, i.e. 5 pts. of concentrated acid and 12 pts. of water) on a water-bath, until the 
liquid is reduced to one- third of its bulk. Then pour the product into excess of 
distilled water. On standing (for a day or two), a white sandy xnicrocrystalline preci- 
pitate of mucic acid will separate out. 

Mannose. Mannose has not been detected free in many plants, but 
is widely distributed as condensation products, the mannans, in certain 
mucilages and in the cell-walls of the endosperm of various seeds 
(see p. 59). From the mannans the sugar can be obtained by hydrolysis. 
On. adding phenylhydrazine hydrochloride and sodium acetate to a 
solution of mannose, the phenylhydrazone, which is nearly insoluble in 
water, is formed almost immediately and hence constitutes a ready 
method for the detection of the sugar. 

Laevulose. This sugar, which is also termed fructose, is widely 
distributed in plants, in the tissues of leaves, stems, fruits, etc. It is 
formed, together with glucose, in the hydrolysis by acids of cane-sugar. 
The original cane-sugar is dextro-rotatory, whereas laevulose is more 
laevo-rotatory than glucose is dextro-rotatory ; hence the mixture from 
the hydrolysis is laevo-rotatory and is known as invert sugar, the change 
being termed inversion. The same hydrolysis is brought about by the 
widely distributed enzyme, invertase. The polysaccharide, inulin, also 
yields laevulose on acid hydrolysis. Laevulose is a white crystalline 
substance, soluble in water and alcohol. Unlike glucose, it contains a 
ketone instead of an aldehyde group : 

CHaOH 

I 

c-o 

I 

HO- -C— H 

I 

I 

H--C— OH 

CHtOH 

■<i-iVuoto»© 
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Laevulose reduces Fehling’s and other copper solutions. It yields 
the same osazone as glucose with phenylhydrazine hydrochloride and 
sodium acetate. It also forms an osazone with methylphenylhydrazine 
(m.p. 158° 0.), a reaction which constitutes a distinction from glucose 
since the latter gives no osazone with this substance. 

Ex'pt. 44. Teats for laevulose. The following tests should be performed with a 
0*2 "/f) solution of laevulose in the same way as for glucose (see p. 48). 

{a) Moore^s test. A positive result is obtained. 

(h) Trommer^s test. A positive result is obtained. 

{c) Fehling^s test. .Reduction takes place. 

{d) Osazone test. Note that the crystals are identical with those formed from 
glucose. 

{e) a-Naphthol test (see p. 44). A strong reaction is given. 

(/) Seliwanof^s test. To 5 c.c. of Seliwanofifs solution (prei)ared by dissolving 
0*05 gm. of resorcinol in 100 c.c. of 1 in 2 hydrochloric acid) add a few drops of 
laevulose solution and boil. A red coloration and a red precipitate are formed. Add 
a little alcohol and the precipitate forms a red solution. 

Dlsaccharides. 

These sugars are formed from the monosaccharides by condensation 
with elimination of water. By boiling with dilute acids, or by the 
action of certain enzymes, they are hydrolyzed into monosaccharides. 
The two most important disaccharides found in plants are maltose and 
cane-sugar. 

Maltose. Maltose or malt-sugar, though it probably occurs in smaller 
quantities than glucose and laevulose, is widely distributed in plant 
tissues. It is formed in the hydrolysis of starch, and its relationships in 
the plant to starch and to other sugars will be considered later. It is a 
white crystalline substance soluble in water and alcohol. In constitution 
it is a glucose-a-glucoside : 



CH2OH 

Maltose 

It reduces Fehling's solution ; but less readily than glucose. With 
phenylhydrazine hydrochloride and sodium acetate it forms an osazone 

4—2 
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(m.p. 206 ° C.), which is more soluble than glucosazone and crystallizes 
in broader flatter needles. Maltose is dextro-rotatory. 

Ex'pt 45- Te8t8 for maltose. The tests a, h, c and e should be performed with a 
0*2 7o solution of maltose ; test d with a 2 o/o solution (see also glucose, p. 48). 

{a) Moords test. A positive reaction is given. 

(h) Trommer^s test. A positive reaction is given. 

(c) Fehlmg^s test. Eeduction takes place, but less strongly than with glucose. 

{d) Osazone test. Take 10 c.c. of the solution and treat as for glucosazone. The 
crystals of maltosazone will be found to be much broader than those of glucosazone. 

(e) Hydrolysis. Take 20 c.c. of the sugar solution and add 2 c.c. of concentrated 
hydrochloric acid. Heat in a boiling water-bath for half an hour. Neutralize and test 
for the osazone. Glucosazone will be formed. 

Sucrose. Sucrose or cane-sugar is very widely distributed in plants, 
in leaves, stems, roots, fruits, etc. It is a white substance which crystal- 
lizes well, and is soluble in water and alcohol. As previously stated it is 
hydrolyzed by dilute acids and by invertase into one molecule of glucose 
and one molecule of laevulose. It is formed by the condensation of 
glucose and laevulose with the elimination of water. Its constitution is 
in all probability as follows : 

o 



CHoOH • C • (CH0H)2 • QH • CH^OH 

/ 

O 

/ 

CH •(CH0H)2- CH • CHOH ' CH^OH 



O 


SO that both the ketone and aldehyde groups are rendered inactive. It 
does not reduce Fehling’s solution and does not form an osazone. It is 
dextro-rotatory. 

Ex'pt. 46. Tests for cane-sugar. The following tests should be made with a 1 
solution of pure crystalline cane-sugar (see also glucose, p. 48). 

(а) Moords test. A negative result is obtmned. 

(б) Fehlviig^s test. No reduction takes place. 

(c) a-Naphthol test. A positive result is given since sucrose yields laevulose. 

{d) Hyd/rolysis. To a few c.c. of the solution add a drop of strong sulphuric acid 
and boil for two minutes. Then neutralize with caustic soda using litmus as 
indicator. Boil again and add Fehling’s solution drop by drop. A reduction takes 
place owing to the inversion of the cane-sugar by sulphuric acid. 

(e) JSeliwamffs test A positive result is [obtained owing to the liberation of 
laevulose. 
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Polysaccharides. 

These substances are formed by condensation, with elimination of 
water, from more than three molecules of monosaccharides. 


Pentosans, 

It has already been mentioned that condensation products of the 
pentoses, the pentosans, are widely distributed. The two most frequently 
occurring pentosans are xylan and araban. No enzymes are known 
which hydrolyze the pentosans. It is characteristic of xylan and araban 
that they form copper compounds in Fehling’s solution in presence of 
excess of alkali. 

Araban. This pentosan may be regarded as a condensation product 
of arabinose as already indicated. It occurs in various gums (Gum 
Arabic, Cherry Gum) frequently in combination with otheV substances. 
On hydrolysis with acids, araban yields arabinose. (See also gums and 
arabinose.) 

Expt. 47. Preparation of arahan from Gum Arabic. (Salkowski, 27.) Weigh out 
20 gms. of gum arabic and dissolve in 500 c.c. of warm water in a large evaporating 
dish. Then add 200 c.c. of Fehling’s solution and excess of caustic soda solution. 
The araban will be precipitated as a white gummy mass which will settle at the 
bottom of the dish. Filter off* through muslin. Take up the precipitate in dilute hydro- 
chloric acid (1 pt. of acid : 1 pt. of water), and then add alcohol. The araban separates 
out as a white precipitate. Wash away the copper chloride with alcohol. 

Ewpt. 48. Hydrolysis of arahan. The araban from the last experiment is put 
into a round-bottomed flask with about 200 c.c. of 2 % sulphuric acid and heated on 
a water-bath for 2 hours, the flask being fitted with an air condenser (see p. 45). 
Then neutralize the liquid with calcium carbonate, filter from calcium sulphate, and 
concentrate on a water-bath. The sugar is extracted from the syrup with 90 % alcohol. 
Arabinose crystallizes with difficulty but the process may be facilitated by sowing 
the concentrated alcoholic solution with a few crystals of arabinose. Some of the 
solution of arabinose should be tested with all the tests given in Expt. 38. 

Xylan. This pentosan occurs in lignified cell-walls, and is the chief 
constituent of '^wood gum.'' It is found in the wood of many trees (hot 
Coniferae), in bran, in wheat and oat straw, in maize cobs, in the shells 
of coconuts and walnuts, in the testa of the cotton (Gossypium) and in 
many other tissues : also in some gums. On hydrolysis, xylan yields 
xylose; hence wood shavings, bran, straw, etc., will give the pentose reac- 
tions on hydrolysis. 
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Eoc^L 49. Detection of pentose from pentosans in hran^ sawdust and straw. Take 
a small quantity of bran and boil it up several times with 98 ^/o alcohol, filtering off 
the alcohol after each treatment. This should remove any sugars or glucosides 
present. Allow the alcohol to evaporate off from the bran, and then make tlie 
following tests for pentoses (see Expt. 38) : 

{a) Heat, for about one minute, a small quantity of the bran in a test-tube, with 
sufficient concentrated hydrochloric acid to cover it. Care should be taken not to 
char the material. Then add as much solid orcinol as will lie on the tip of a [)en- 
knife. Heat gently again for a few seconds. Then add one or two drops of strong 
ferric chloride solution ; a green coloration will be produced. Add amyl alcohol and 
the green colour will pass into the alcohol. 

(h) Heat again another portion of the bran with the same cpiantity of concentrated 
hydrochloric acid in a test-tube, but this time heat more strongly. After heating a 
few minutes place a piece of filter-paper soaked in a solution of aniline acetate in the 
mouth of the test-tube. A cherry-red coloration will denote the formation of 
furfural. 

The above method and tests with bran may be repeated in exactly the same way 
using sawdust or straw. 

Expt. 50. Preparation of xylan from sawdust. Extract one kilo of sawdust with 
4 litres of 1-2 % ammonia solution for 24 hrs. Then filter off the ammoniacal solution 
through muslin and repeat the extraction. The xylan is insoluble in ammoniacal 
solution, and in this way colouring matters are removed. Finally wash the sawdust 
well with water and press dry from the liquid. Then add to the sawdust sufficient 
5^/o caustic soda solution to make a thick mush (about 1000-1500 c.c.) and allow it 
to stand for 24 hrs. in a warm place. The alkaline solution is then pressed out 
through calico and filtered through filter-paper. To the clear filtrate add an equal 
volume of 96 % alcohol which will precipitate the xylan as a sodium compound. 
Filter off this precipitate, wash with alcohol, and decompose with alcohol to which 
a little strong hydrochloric acid has been added to remove the sodium. The free 
xylan is again washed with alcohol, and can be dried by washing with absolute 
alcohol and ether and finally in a desiccator. It is a diity- white powder which is 
almost insoluble in water. Make the tests for pentoses (see Expt. 38) on a little of 
the solid xylan. The reaction will be given in each cose. 

Expt. 51. By d/roly sis of xylan. Put the xylan obtained in the last experiment 
in a round-bottomed flask fitted with an air condenser (see p. 45). Add 100 c.c. of 
4% sulphuric acid and heat on a water-bath for 4 hrs. Neutralize the solution with 
calcium carbonate, filter from calcium sulphate and concentrate on a water-bath. 
Test a portion for pentoses (see Expt. 38) and a positive reaction will be obtained. ' 
To a small quantity add also a few drops of Fehling’s solution and boil. Reduction 
will take place. 

To the remainder of the xylose solution add bromine (see p. 45) gradually until 
there is excess. Then remove the excess of bromine by warming on a water- bath. 
Neutralize the solution, which contains xylonio acid, with cadmium carbonate and 
evaporate on a water-bath. Extract the residue with alcohol and filter. On concen- 
trating the alcoholic extract, white prismatic needles of cadmium xylonate separate 
out. 
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It has been shown that pentosans, xylan and probably araban, occur 
in leaves (Davis, Daish and Sawyer, 15). It is likely that the xylan is 
widely distributed in all tissues since it forms a constituent of lignified 
cell-walls. 

Expt Detection of pentoses fro7n peyito sails in leaves, (Davis, Daish and 
Sawyer, 15.) Take two large leaves of the Sunflower {Eelianthus annuus). Tear into, 
small pieces and drop into boiling 98 % alcohol in a flask. Boil well and filter off the 
alcohol. Repeat until all the green colour is renaoved. Then dry off the alcohol and 
grind up the leaf residue. Perform the test for pentoses (Expt. 38 a and c) on the 
dry leaf tissue. It should give the above tests showing the presence of pentosans. 

Leaves of the Violet ( Viola odorata) and Nasturtium {Ti'opaeolum majus) may 
also be used. 

Expt. 53. Method for determination of pentosans in tissues^ bran and leaves^ etc. 
Weigh out 2 gms. of bran, put it into a. round-bottomed flask, add 100 c.c. of 12 % 
hydrochloric acid and fit the flask with a water condenser. Heat gently over wire 
gauze and distil into a solution of phloroglucin in 12 % hydrochloric acid. A green 
precipitate of furfural phloroglucide is formed which eventually becomes almost 
black. For accurate estimations of pentosans this is filtered off and weighed on a 
Gooch crucible. The same method may be used with leaf residue as in Expt. 52. 


Starches. 

Starch. This is a very widely distributed substance in plants. It 
occurs as solid grains throughout the tissues, in leaves, stems, roots, 
fruits and seeds. It is absent, however, from a number of Monocotyle- 
dons, e.g. Iris, Snowdrop {Galanthm), Hyacinthus, etc. It forms one of 
the chief reserve materials of plants, that is, it is synthesized from sugar 
when carbon assimilation and carbohydrate synthesis are in progress, and 
is stored in the solid form in tissues as grains. In other circumstances of 
the plant's existence, when material for metabolism is not available 
from carbon assimilation, as for instance in germinating seeds or 
growing bulbs or rhizomes, the starch is hydrolyzed into dextrin and 
soluble sugar, which is translocated and used as a basis for meta- 
bolism. During the night in leaves there is also a similar hydrolysis 
of the starch which has been temporarily stored from the excess of 
sugar synthesized during the day. 

Starch has a very large molecule and thus a high molecular weight. It 
is insoluble in cold water. When heated with a little water it gives starch 
paste, but on boiling with water it gives an opalescent ‘"solution" which 
really contains starch in the colloidal state as an emulsoid. In this con- 
dition it does not diffuse through dialyzing membranes and does not 
depress the freezing point of water. The “solution" cannot, strictly 
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speaking, be filtered, but generally, when hot, it passes ta some extent 
through ordinary filter-paper. Starch is insoluble in alcohol and is pre- 
cipitated by it. 

The most characteristic reaction of starch is the blue colour it gives 
with iodine solution. This blue colour disappears on heating, but re- 
appears again on cooling. Starch is precipitated from ‘"solution” by 
half saturation with ammonium sulphate : it does not reduce Fehling s 
solution. 

By boiling with dilute acids, starch is first converted into "" soluble 
starch ” which still gives a blue colour with iodine. On further boiling, 
various dextrins (see dextrins) are obtained which give either purple, 
red or no colour with iodine. The final product, after prolonged boiling 
with acids, is glucose. Hydrolysis with diastase yields dextrin and 
maltose (see diastase, p. 73). 

Exjpt. 54. Preparation of starch from Wheat. Starch may be prepared from 
a cereal by the following method. 

Take 25 gms. of flour and make it up into a dough with a little water. Allow it 
to stand for half an hour. Then tie a piece of muslin over the top of a beaker which 
is filled with water. Place the dough on the top of the muslin and rub it gently with 
a glass rod. The starch will be separated from the gluten, and will be washed 
through the muslin and on standing will sink to the bottom of the beaker. Allow 
this to stand till the starch has settled, then decant off the bulk of the liquid. Filter 
off the starch, and wash well with water, then with alcohol and finally with ether. 
Dry in the steam-oven. 

For the detection of starch in green leaves, see Expt. 77. 

Expt. 55. Tests for starch. Take a small quantity of the starch prepared in the 
previous experiment and shake up with a little cold water in a test-tube. Filter, and 
test the filtrate with a drop of iodine (in potassium iodide) solution. No blue colour 
is obtained. Pour a drop of the iodine solution on the residue in the filter. It turns 
deei) blue. 

Weigh out 2 gms. of the starch prepared in the last experiment, and mix it into 
a thin cream with a little water. Boil rather more than 100 c.c. of water in an evapo- 
rating dish, and then gradually add to it the starch paste, keeping the water boiling 
all the time. An opalescent solution is obtained. With a few c.c. of the solution 
in each case make the following tests: 

ia) Add 1-2 drops of iodine solution. A blue colour is obtained. Heat the solu- 
tion : the blue colour disappears, but reappears on cooling. 

(h) Add an equal volume of alcohol : the starch is precipitated. 

(c) Add an equal volume of saturated ammonium sulp>hate solution : the starch 
is precipitated, i.e. by half saturation with this salt. 

{d) Add basic lead acetate solution : the starch is precipitated. 

Expt. 56. Hydrolysis of starch. To 50 c.c. of the starch solution prepared in the 
last experiment add 1 c.c. of strong sulphuric acid. Boil for 10-20 minutes in a 
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round-bottomed' flask. Test a portion of the solution with iodine from time to time ; 
a purple, red or brown colour is formed due to the dextrin j)roduced in hydrolysis. 
To the remainder of the solution after neutralization, using litmus as indicator, add 
some Fehling’s solution and boil. Reduction takes place owing to the glucose formed 
in hydrolysis. 


Bextrins. 

These compounds occur in the plant as transitory substances, since 
they are formed as intermediate products of the hydrolysis of starch by 
diastase. They are also formed on heating starch or by boiling it with 
mineral acids (see previous experiment). The hydrolysis of starch to 
dextrins is fairly rapid, but the conversion of dextrins into maltose is 
a much slower process. 

Both starch and dextrins have the same empirical formula. Various 
forms of the latter have been identified, such as amylodextrin which gives 
a blue colour with iodine, erythrodextrin which gives a brownish-red 
colour with iodine, and achroodextrin which gives no colour with iodine. 
The dextrins are readily soluble in water; they are precipitated by 
alcohol but not by basic lead acetate. On hydrolysis with acids, they 
are converted into glucose. 

Expt. 57. Preparation of dextrin hy hydrolysis of starch, {a) By diastase from 
leaves of the Pea (Pisum sativum). Weigh out lOgms. of commercial potato starch 
and make it into a solution in 250 c.c. of boiling distilled water as in Expt. 55 and 
cool. Then weigh out 10-15 gms. of fresh leaflets of the Pea {Pisum sativum) and 
pound them well in a mortar. Add to the pounded mass 100 c.c. of distilled water 
and a few drops of chloroform (see maltase, p. 75) and filter. The filtrate will contain 
diastase (see also Expts. 78-80). Then add the diastase extract to the starch solu- 
tion in a flask, plug with cotton- wool and put in an incubator for 48 hrs. If a little 
of the liquid is withdrawn from time to time and tested with iodine, it will be found 
that the blue colour due to starch gradually disappears and is replaced by the 
brownish-red colour due to dextrin. After 48 hrs. there will be no trace of blue 
colour ; then filter tlie liquid and concentrate the filtrate on a water-bath to a syrup. 
Treat the residue with 96-98 alcohol and filter. A sticky mass of dextrin is left 
which should be extracted with a little hot alcohol and then reserved for the next 
experiment. To show the presence of maltose, the alcoholic extract is evaporated to 
dryness on a water-bath, the residue taken up in a little water and the osazone test 
made (see p. 49) with the solution. Crystals of maltosazone will separate out. ' 

(6) By diastase from germinating Barley (Hordeum vulgare). Grind well 25 gms. 
of barley grains in a coffee-mill. Put the flour into a flask and extract with 96-98 
alcohol by heating on a water-bath. This will largely free the grain from sugars. 
Make a starch ‘‘ solution” of the residue by boiling with 500 c.c. of water and filtering 
through fine muslin. 
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Weigh out another 25 gms. of barley grains and allow them to germinate by 
soaking and spreading on damp blotting-paper for 5-7 days. Pound the grains well 
in a mortar, add 100 c.c. of water, allow to stand for 2-3 hrs. and filter. Precipitate 
the filtrate with alcohol and allow to stand for 24 hrs. Filter off the precipitate, 
take up in water and add it to the barley starch solution,” together with a few 
drops of chloroform. Proceed as with (a) only the time for hydrolysis may be much 
shorter, i.e. 6-12 hrs. 

Expt. 58. Tests for dextrin. Make a solution of the dextrin prepared in the last 
experiment and note that it is very soluble in water. With the solution make the 
following tests : 

(а) Add a little iodine solution. A reddish-brown colour is produced. Heat the 
solution and the colour will disappear. Cool again and the colour will reappear. 

(б) Add an equal volume of strong alcohol. The dextrin is precipitated. 

(c) Add an equal volume of saturated ammonium sulphate solution, i.e. half 
saturation with ammonium sulphate. The dextrin is not precipitated. 

{d) Add some basic lead acetate solution : the dextrin is not precipitated. 


Inulin. 

Inulin. This substance occurs as- a soluble ‘'reserve material” in the 
cell-sap of the underground stems, roots and also leaves of a number of 
plants, especially members of the Compositae, e.g. Dahlia (Dahlia 
mriabilis), Jerusaleih Artichoke (ffelianthus tuherosus), Chicory (Gicho- 
rium Intyius) and the Dandelion (Taraxacum officinale). It is said to 
occur also in the Campanulaceae, Lobeliaceae, Goodeniaceae, Violaceae 
and many Monocotyledons (Hyacinthus, Iris, Muscari and Scilla). 

Inulin is a condensation product of laevulose to which it bears much 
the same relation as starch to glucose. It is a white substance, soluble 
in water and insoluble in alcohol. It crystallizes out in the cells, in 
which it occurs, in characteristic sphaero-crystals on addition of alcohol 
to the tissues. It is hydrolyzed by mineral acids to laevulose : also by ^ 
the enzyme inulase which occurs in the plant. 

Exyt. 59. Extraction of ^ inidin. Cut off the tubers from two Dahlia {Dahlia 
variahilis) plants, Wash well, and put them through a mincing machine. Carefully 
collect the liquid and the crushed tuber, and boil well with sufficient water to cover 
the crushed material. Add also some precipitated calcium carbonate to neutralize 
any free acids present. Then filter through fine muslin, and to the filtrate, which 
should again be made quite hot, add lead acetate solution until a precipitate 
(of mucilaginous substances, etc.) ceases to be formed. Care should be taken to 
avoid the addition of a large excess of lead acetate. Filter off the lead precipitate, 
and saturate the filtrate with sulphuretted hydrogen till all excess lead is removed. 
Filter off the lead sulphide, neutralize the filtrate to phenolphthalein with ammonia, 
and evaporate to half bulk or less on a water-bath, when the inulin will probably 
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begin to deposit. Then pour into an equal volume of alcohol, and allow to stand for 
one or two days. The crude precipitate of inulin is filtered off, dissolved in a small 
amount of water, and reprecipitated with alcohol. It can be washed with alcohol 
and ether and dried over sulphuric acid. 

The Artichoke {Helianthns tuherosus) may also be used, about 12 tubers being 
necessary. 

jEJ^pt 60. Tests for inulin. Make a solution of some of the inulin prepared in 
Expt. 59 in hot water. It will readily dissolve giving a clear solution. With the 
solution make the following tests : 

{a) Make a very dilute solution of iodine and add to it a drop or two of inulin 
solution : the brown colour will be unaffected. 

(6) Boil some inulin solution with a little Fehling : no i^ediiction takes place. 

If the inulin solution which is being used should reduce Fehling it indicates that 
sugar is present as impurity. If this is the case, then a little of the solid inulin 
should be washed free from sugar by means of alcohol before proceeding with the 
following tests. 

(c) To a little inulin solution add some 1 alcoholic solution of a-naphthol and 
a few drops of concentrated sulphuric acid and warm. A deep violet colour is 
produced. This is due to the formation of furfural from the laevulose produced in 
hydrolysis (see laevulose, p. 51). 

(d) To a little inulin solution add about an equal quantity of strong hydrochloric 
acid and a few crystals of resorcin. A red coloration is formed. This reaction 
(Seliwanofif^s test) is also due to the presence of laevulose (see laevulose, p. 51). 

Expt. 61. Hydrolym ofinvZm. Some inulin is dissolved in very dilute hydrochloric 
acid (about 0*5 %) and heated on a water-bath for half an hour in a round-bottomed 
flask provided with an air condenser (see p. 45). The solution is then neutralized 
with sodium carbonate and concentrated on a water-bath. With the concentrated 
solution make the following tests : 

(а) Boil with a little Fehling : the solution is rapidly reduced. 

(б) Make the osazone test (see p. 49). Glucosazone crystals will be found to be 
formed on microscopic examination. (Laevulose forms the same osazone as glucose.) 

(c) Make the tests (c) and (d) of the last experiment. A positive result will be 
given in each case. 


M ANNANS. 

The mannans which have already been mentioned (see p. 50) are 
condensation products of the hexose, mannose. They occur most fre- 
quently, either mixed, or in combination, with the condensation products 
of other hexoses and pentoses (glucose, galactose, fructose and arabinose) 
as galactomannans, glucomannans, fructomannans, mannocelluloses, etc. 
Such mixtures or compounds of which mannans form a constituent are 
widely distributed in the seeds of many plants, i.e. Palms (including the 
Date-palm), Asparagus {Rmcm), Clover (TrifoUum), Coflfee Bean (Ooffea 
arabica)y Onion {Allium Cepa) and of members of the Leguminosae, 


60 


CARBOHYDRATES AND THEIR 


[CH. 


Rubiaceae, Coniferae and Umbelliferae. In seeds the mannans may 
constitute, together with cellulose, the thickened cell-walls of the endo- 
sperm and are included in the term reserve- or hemi-cellulose ” though 
they are not strictly celluloses. ''Vegetable ivory,” which is the endo- 
sperm of the Palm, Phytelephas macrocarpa^ contains considerable 
quantities of a mannan and is used as a source of mannose. Mannans, 
in addition, form constituents of certain mucilages, as for instance those 
in Lily bulbs {Lilium candidum, L. hulbiferum, L. Martagon and others) 
(Parkin, 23) and tubers of various genera of the Orchidaceae: they are 
also found in the roots of the Dandelion {Taraxacum), Helianthus and 
Chicory, Asparagus and Clover, and in the wood and leaves of various 
trees. 

Many of the mannans, unlike true celluloses, are readily hydrolyzed 
by dilute hydrochloric and sulphuric acids. The mannan in the Coffee 
Bean, however, is hydrolyzed with difficulty. 

Galaotans, 

These substances bear the same relationship to the hexose, galactose, 
as the mannans to mannose, that is, they are condensation products of 
galactose (see p. 49). Similarly they frequently occur, together with 
the condensation products of other sugars, as galactoaraban, galactoxylan, 
galactomannan, etc. As such they form constituents of many gums and 
mucilages and of the cell-walls of the reserve tissue of seeds, i.e. the 
Coffee Bean (Coffea arahica), the Bean {Faha), the Lupin {Lupinus), the 
Paeony {Paeonia), the Kidney Bean {Phaseolus), the Date {Phoenix), 
the Pea {Pisum), the Nasturtium (Tropaeolum) and many others (Schulze, 
Steiger and Maxwell, 29). 

GU3/S. 

These substances occur widely distributed among plants, especially 
trees. Some gums are wholly soluble in water giving sticky colloidal 
solutions : others are only partially soluble. They are all insoluble in 
alcohol. In the solid state they are translucent and amorphous. 

Chemically the gums are varied in nature ; they may in general be 
regarded as consisting of complex acids in combination with condensa- 
tion products of various sugars, such as araban, xylan, galactan, etc. 
On hydrolysis they give mixtures of the corresponding sugars, arabinose, 
xylose, galactose, etc., in varying proportions, though in some cases one 
sugar preponderates. 
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Some of the best-known gums are the following : 

Gum Arabic (arabin). This substance is obtained from an Acacia 
(Acaciii Senegal), a native of the Soudan. The gum exudes from the 
branches. Other species of Acacia yield inferior gums. Gum arabic is 
a mixture of the calcium, magnesium and potassium salts of arabic acid, 
a weak acid of which the constitution is unknown, in combination with 
araban and galactan. 

Gum Tragacanth. This is a product from several Tragacanth shrubs 
which are species of Astragalus (Leguminosae), chiefly A . gmmnifer. It 
is obtained by wounding the stem and allowing the gum to exude and 
harden. On hydrolysis it gives a mixture of complex acids and various 
sugars such as arabinose, galactose and xylose. 

Cherry Gum {cerasin) occurs in the wood of the stems and branches 
of the Cherry (Prunm Gerasus), the Bird Cherry (P. Padus), the Plum 
(P. domestica), the Almond (P. Amygdalus) and other trees of the 
Rosaceae. It exudes from fissures of the bark. On hydrolysis it yields 
almost entirely arabinose. 

Esopt. 62. Reactiom of Gum Arabic. Put a little gum arabic into an evaporating 
dish and add a little water. Heat gently and stir. The gum will slowly dissolve, 
giving a thick sticky solution which does not solidify or gel on cooling. Make the 
fV)llowing tests, using a little of the gum solution in a test-tube each time. 

• (a) Add a little alcohol. The gum is precipitated. 

(5) Add a little Fehling’s solution and boil. No reduction takes place. 

The three following experiments show the presence of pentosan complexes in the 
gum (see also Expt. 38, p. 44) : 

(c) Add a little phloroglucin to the gum and then strong hydrochloric acid. No 
colour is produced. Now heat, and a cherry-red colour appears. 

{d) Heat the gurn solution with a little concentrated hydrochloric acid and then 
, add a trace of orcinol. Warm again and then add one or two drops of strong ferric 
chloride solution, A green coloration will be produced. 

(c) Heat the gum solution strongly with hydrochloric acid, and, after heating for 
a few minutes, place a piece of filter-paper soaked in a solution of aniline acetate in 
the mouth of the test-tube. A cherry-red coloration indicative of furfural will be 
formed. 

Expt. 63. Hydrolysis of Gum Arabic. Weigh out 10 gms. of gum arabic. Put it 
into a round-bottomed flask and add 100 c.c. of water and 4 c.c. of strong sulphuric 
acid. Warm gently until the gum goes into solution. Then fit the flask with an 
air condenser (see j)- 45) and heat on a water-bath for about 4 hrs. Cool the 
solution, and neutralize with barium carbonate. Filter off the barium sulphate and 
concentrate the solution on a water-bath. Boil drop or two of the syrup with 
Fehling’s solution and show that reduction takes place. (The original gum either 
does not reduce Fehling at all, or, if so, only slightly.) Then add a little nitric acid 
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(sp. gr. 1*15, see Expt. 43) to the syrup and heat on a water- bath almost to dryness. 
Pour the residue into about 100 c.c. of water and allow to stand. A microcrystalline 
precipitate of mucic acid is formed showing the presence of galactose (see p. 50) as 
a product of hydrolysis. 


Mucilages. 

The characteristic of these substances is that they swell up in water 
and produce colloidal solutions which are slimy. 

Mucilages are widely distributed and may occur in any organ of the 
plant. Sometimes they are confined to certain cells, mucilage sacs or 
canals. They are distinguished from the pectic substances by the fact 
that they do not gelatinize. Some of the best known examples of 
mucilage-containing tissues are those in the root and flower of the 
Hollyhock {Althaea rosea): in succulent plants (Aloe, Euphorbia), in 
bulbs {Scilla, Allium) and tubers (Orchis Morio): in seeds of Flax or 
Linseed (Linum) and in fruits of Mistletoe (Viscum album). 

The mucilages vary in composition. They appear to be largely, if 
not wholly, condensation products of various sugars (galactose, mannose, 
glucose, xylose, arabinose), similar constituents to those of many gums 
and hemicelluloses. On hydrolysis various mixtures of sugars are pro- 
duced. Of the mucilages, that from linseed has been thoroughly 
investigated. It has been found on hydrolysis to give sugars only, e.g. 
arabinose, xylose, glucose and galactose. In this respect mucilages differ 
fi:om gums, since the latter have always some other accompanying sub- 
stance, in addition to sugars. 

Escpt. 64. Preparation and properties of mucilage from Linseed (Linum) (Neville, 
21). Take about 60 gms. of linseed and let it soak for 24 hrs. in 300 c.c. of water. 
Then separate the slime from the seeds by squeezing through muslin, and add to the 
liquid about twice its volume of 96-98 alcohol. The mucilage is precipitated as 
a thick slimy precipitate. Filter off the precipitate and wash with alcohol. By 
washing with absolute alcohol and ether and finally drying in a desiccator, the 
mucilage may be obtained as a powder. 

Add water to some of the mucilage. It swells up and finally gives an opalescent 
solution. Make with it the following tests : 

(а) Add iodine. No colour is given. 

(б) Add a little Fehling’s solution and boil. No reduction takes place. 

Ecrpt. 65. Hydrolysis of lAnseed mucilage. Put the remainder of the mucilage in 
a round-bottomed fiask and add 50 c.c. of 4 7o sulphuric acid. Fit the flask with 
an air condenser (see p. 45) and heat for at least four hours on a water-bath. 
Cool and neutralize with barium carbonate. Filter off the barium sulphate, and 
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concentrate the filtrate on a water-bath. With the concentrated solution make the 
following tests : 

(a) Add a few drops to a little boiling Fehling solution. Eeduction immediately 
takes place. 

(b) Make the phloroglucin, orciiiol and furfural tests for pentoses, using a small 
quantity only of the hydrolysis mixture for the tests. A positive result will be given 
in each case. The x^entoses, arabinose and xylose, are responsible for these reactions. 

(a) Add to some of the solution phenylhydrazine hydrochloride, sodium acetate 
and a little acetic acid, and leave in boiling water for half an hour for the osazone test 
[sec Expt. 41 {d)]. A mixture of osazones will separate out, among which glucosazone 
can be identified. 

{d) Concentrate the remainder of the solution and then add some nitric acid of 
sp. gr. 1*15 (see Expt. 43). Evaporate down on a water-bath to one-third of the bulk 
of the liquid and then po\ir into about 100 c.c. of water. A white microcrystalline 
ju’ecipitate of rnucic acid will separate out, either at once or in the course of a day or 
two. This demonstrates the presence of galactose. 


Peqtjo EUBSTANCKS. 

These substances are considered at this point since they are said to 
constitute, in more or less intimate connexion with cellulose, the middle 
lamella of cell-walls in many tissues. The pectic substances are fre- 
quently found in the juices of succulent fruits in which the tissues have 
disintegrated, such as red currants and gooseberries. They have been 
isolated chiefly from fleshy roots, stems or fruits, as, for instance, from 
turnips, beetroot, rhubarb stems, apples, cherries and strawberries. 

Recent work (Schryver and Haynes, 28) points to the fact that in 
turnips, strawberries, rhubarb stems and apples, there is the same pectic 
material, and it is possible that all such substances may be identical. 
The compound isolated in the above case is of an acidic nature and has 
been termed pectinogen. When pectinogen is treated with dilute 
solutions of caustic alkali at ordinary temperatures, it is rapidly changed 
into a second substance termed pectin, which is readily converted into 
a gel under certain conditions. 

In the case of juicy fruits, such as currants and gooseberries, the 
pectinogen can be precipitated as a gelatinous precipitate by adding 
alcohol to the expressed juice. In the case of fleshy fruits, stems and 
roots, the procedure is as follows. The tissues are thoroughly dis- 
integrated in a mincing machine and pressed free from all juice in a 
powerful press. The residue is then dried, finely ground, washed with 
water and finally extracted with dilute ammonium oxalate solution in 
which pectinogen is soluble. The extract is concentrated and the 
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pectinogen precipitated by alcohol It may be purified by reprecipita- 
tion. 

Pectinogen is precipitated from aqueous solution by alcohol as a very 
bulky gelatinous mass, but when dried it forms an almost colourless granu- 
lar powder. Put into water it absorbs large quantities of liquid and dis- 
solves slowly, giving an opalescent solution with a distinctly acid reaction. 

As mentioned above pectinogen in alkaline solution is rapidly con- 
verted into pectin. A solution of pectinogen is not precipitated either 
by acid or dilute solutions of calcium salts but, after treatment with 
alkali and conversion into pectin, both the aforesaid reagents produce 
gelatinous precipitates. A similar precipitate is also formed when lime 
water is added in excess to a solution of pectinogen and it is allowed to 
stand. There is little doubt that the pectinogen is converted by the 
alkali into pectin. Pectin is also an acid substance and it is insoluble 
in water, giving an insoluble salt with calcium. After treatment of 
pectinogen with alkali the pectin can, as already stated, be precipitated 
by adding acid. 

Analyses of pectin from various sources have led to the suggestion 
of Ci7H240a6 as its formula. There is also evidence that it contains one 
pentose group. This can be detected and estimated by the furfural 
phlorogliicide method (see Expt. 53). 

Exjpt. 66. Extmction and reactions of pectinogen. Take about half a pound of red 
currants and squeeze out the juice through fine muslin into a large beaker. Then add 
to the juice about 2~3 times its bulk of 96-98 % alcohol. A bulky gelatinous precipi- 
tate of pectinogen will separate out. Allow the precipitate to stand for a time in the 
alcohol, and then filter off. Wash with alcohol and finally press free from liquid. 
Dissolve the precipitate in as little water as will enable it to go into solution. To two 
small portions of the solution add respectively (a) a few drops of strong hydrochloric 
acid, (5) an excess of calcium chloride solution. Note that no precipitate is formed in 
either case. 

Expt 67. Conversion of pectinogen into pectin^ and reactions of pectin. Take about 
one- third of the pectinogen solution prepared in Expt. 66, make it alkaline with 
caustic soda, and let it stand for about 10-15 minutes. Then divide the solution 
into two parts and add respectively {a) sufficient hydrochloric acid to acidify, 
{h) excess of calcium chloride solution. In the first case a gel of pectin is formed : 
in the second case a gelatinous precipitate of the calcium salt of pectin. 

To a further quantity of the pectinogen add excess of lime water and let it stand. 
The gelatinous calcium precipitate will separate out in a short time. 

Expt 68. Detection of the pentose growp in pectinogen. Filter off the pectin gel 
obtained in the last experiment and allow it to dry. Then test for the pentose group 
by the orcinol, phloroglucinol and furfural tests (see Expt. 38). AIL results will be 
found to be positive. 
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The extraction of pectinogon, etc. in the above experiments can equally well be 
carried out with other material, e.g. ripe gooseberries, raspberries and strawberries, 
using exactly the same methods. 

Expt, 69. Pre}->aration of pectinogeri from TiirmpH. Take two full-sized turnips 
and mince them finely in a mincing macliine. Then wrap the mass in a piece of 
strong unbleached calico and press out the juice as completely as possible in aqiress. 
The juice contains little pectinogon and can be thrown away. The pressed mass is 
then thrown into 0*5 <Vo ammonium oxalate solution lieated to 80-90“ C. on a water- 
bath and stirred to make a paste. The liquid is again rapi<lly pressed out in the press. 
To the viscid extract an equal volume of 96 <»/„ alcohol is added, and the pectinogeii 
separates out as a voluminous gelatinous precipitate. This is filtered off and, when 
pressed free from alcoliol and dried, c;an bo used for tests as in the previous e.xperi- 
ments. 

The gelatinizMtion of pectinogen can also be brought about by certain 
enzymes termed pectases which are found in the juices of various plants, 

i.e. root of Carrot {Dauous Garota) and leaves of Lucerne {Medicago 
sativa). Lilac {Syringa vulgaris) and Clover {TrifoLium pratense), 

Expt. 70. Action of pectase on pectinogen. Make an extract of either Lucerne or 
Clover leaves by pounding them in a morbir with a little water, and then filter. Add 
the filtrate to some of the pectinogen solution prepared in Expt. 66 or 69. On 
standing a gelatinous precipitot/e will bo produced. Should the rtiaction he slow, it 
may be accelerated by ])lacing tlie mixture in an incubator. 

OEJjAjimm, 

Celluloses are very important polysaccharides. They form constituents 
of the structural part of all the higher plants. The cell-wall of the 
young cell consists entirely of cellulose, but in older cells the walls may 
be lignified, cuticularizcd, etc., i.e. the cellulose may be accompanied by 
other substances such as lignin, cutin, mucilage, etc. In the light of 
these facts the term cellulose is made to include: 

1. Normal celluloses. 

2. Compound celluloscja 

(а) Ligno-celluloses. 

(б) Pecto-celluloses. 

(c) Adipo- or ctitO'-celhiloses. 

3. Pseudo- or Reserve celluloses- 

True or normal cellulose. Of this substance, as we have said, 
many cell-walls are composed. The most familiar form of cellulose is 
cotton, which consists of hairs, each being a very long empty cell, from 
the testa or coat of the seed of the Cotton plant (Gossypium herhaceum). 
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Crude cotton (i.e. the hair cell-walls) is not quite pure cellulose, but 
contains a small amount of impurity from which it is freed by treatment 
first with alkali and subsequently with bromine or chlorine. All kinds 
of cotton material, cotton-wool, and.the better forms of paper (including 
filter-paper) may be regarded as almost pure cellulose. 

Pure cellulose is a white, somewhat hygroscopic, substance. It is 
insoluble in water and all the usual solvents for organic substances. It 
is, however, soluble in a solution of zinc chloride in hydrochloric acid in 
the cold, and in a solution of zinc chloride alone on warming. It is also 
soluble in ammoniacal cupric oxide (Schweizer’s reagent). 

In addition cellulose is soluble in concentrated sulphuric acid, which 
on standing converts it first into a hydrate and then finally into 
glucose. If, however, water is added to the sulphuric acid solution as 
soon as it is made, the gelatinous hydrate of cellulose is precipitated. 
This substance is termed “ amyloid ” since it gives a blue colour with 
iodine. Concentrated nitric acid converts cellulose into nitrates, of 
which one is the substance, gun-cotton. In 10°/o alkalis cotton fibres 
thicken and become more cylindrical. This procedure has been em- 
ployed by Mercer to give a silky gloss to cotton, and the resultant 
product is called mercerized cotton. 

Eccpt. 71. The colour teats and aoluhilitiea of cellulose. 

(а) Dip a little cotton-wool into a Holution of iodine in potassium iodide. Then 
put the stained wool into an evaporating dish and add a drop or two of concentrated 
sulphuric acid. A blue coloration is given. This is due to the formation of the 
hydrate ‘‘ amyloid ’’ mentioned above. 

(б) Dip some cotton- wool into a calcium chloride iodine solution. (To 10 c.c. of 
a saturated solution of calcium chloride add 0*5 gm. of potassium iodide and 0*1 gni. 
of iodine. Warm gently and filter through gloss- wool) A rose-red coloration is 
produced which eventually turns violet. 

(c) Heat a strong solution of zinc chloride (6 pts. of zinc chloride to 10 pte. of 
water) in an evaporating dish and add 1 i)art of cotton-wool. The cellulose will in 
time become gelatinized, and if a little water is added from time to time, a solution 
wiU eventually be obtained on continuous heating. 

((f) Make a solution of zinc chloride in twice its weight of concentrated hydro- 
chloric acid and add some cotton- wool The wool will rapidly go into solution in the 
cold. 

{e) Add some cotton-wool to an ammoniacal copper oxide solution and note that 
it dissolves. (To a strong solution of copper sulphate add some ammonium chloride 
and then excess of caustic soda. Filter off the blue precipitate of cupric hydroxide, 
wash well, dry thoroughly, and dissolve in strong ammonia.) Add strong hydrochloric 
acid and the cellulose is precipitated out again. Then add water and wash the 
precipitate until it is colourless. Test the roughly dried precipitate with a little 
iodine and strong sulphuric acid. A blue coloration is given. 
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All the above tests may be repeated with threads from white cotton material, 
with filter-jiaper and good white writing paper. 

Try tests (a) and (b) with newspaper, and note that they are not so distinct as 
with writing x^aper owing to the jjresence of ligno-cellulose (see Expt. 73). 

72. Hydrolysis of cellulose by acid. Dissolve as much filter-paj^er as possible 
in 5 c.c. of concentrated sulx)huric acid and when all is in solution pour into XOO c.c. 
of distilled water. Boil the solution in a round-bottomed flask fitted with an air 
condenser (see x^- 45) and use a sand-bath for heating. After boiling for an hour, 
cool and neutralize the solution with solid calcium carbonate. Add a little water if 
necessary and filter. Test the filtrate with the following tests : 

(a) Make the osazone [see Expt. 41 (<^)]. Note that crystals of gliicosazone are 
formed. 

{b) Add a little Fehling’s solution and boil. Note that reduction takes place. 

Instead of using filter-pax-ier, the above experiment may also be carried out with 
cotton-wool or threads from white cotton material. 

Ligno-cellulose. As the cells in plants.grow older the walls usually 
become lignified, that is part of the cellulose becomes converted into 
ligno-cellulose. The extreme amount of change is found in wood. The 
least amount in such fibres as those from the stem of the Flax {Linum 
usitatissimiim) which, when freed from such impurities, consist of cellu- 
lose only and constitute linen. Other fibres, containing more ligno- 
cellulose, are those of the stem of the Hemp plant {Cannabis sativa) 
and the Jute plant (Corchorus) from which string, rope, canvas, sacking 
and certain carpets are made. The percentages of pure cellulose in 
these various lignified tissues are as follows : 


Cotton fibre 88*3 7o 

Flax and Hemp fibre ... 72-73 o/o 

Jute b4% 

Beech and Oak wood ... 35-38 % 


The ligno-celluloses are generally regarded as consisting of cellulose 
and two other constituents, of which one contains an aromatic nucleus 
and the other is of the nature of a pentosan (see xylan, p. 53). Both 
are sometimes classed together and termed lignin or lignon. The lignin 
reactions (see below) depend on the presence of an aromatic complex. 
It has been suggested that coniferin, vanillin and allied compounds 
which are present in wood are probably the substances responsible for 
the reaction (Cmpek, 6). 

Although the best paper is made jfrom cellulose, cheaper forms of 
paper are manufactured from ligno-cellulose, and, as a result, they give 
reactions for lignin and are also turned yellow by exposure to light. 

E:vpt. 73. Heacdom of Uguin. 

One of the most strildng reactions of lignin (due as it is supx>osed to a furfural 
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grouping) is the magenta-red coloration given by phloroglucin in the presence of 
concentrated hydrochloric acid. 

Soak the tissue to be experimented upon with an alcoholic solution of phloro- 
glucin and then add a drop or two of strong hydrochloric acid. The magenta-red 
colour will be produced. 

As material, practically any lignified tissue may be used. Shavings from twigs 
of any tree or shrub, e.g. pith and wood from the Elder [Samhicus nigra)^ will be 
found useful : also shavings from a match ; straw, bran, coarse string, cheap white 
paper, such as newspaper or white and pale-coloured papers used for wrappings. 

Make the phloroglucin test on good white writing t)a'per. It should not give the 
reaction since it is made from cellulose. 

Other phenols and their derivatives will also give colour reactions with lignin in 
the presence of hydrochloric acid, but the colorations in most cases are not so much 
developed as with phloroglucin (Ozapek, 6). For this reason (though it is also possible 
to use any of the lignified tissues suggested above) good results are obtained by using 
strips of any cheap newspaper, since the reagents seem to penetrate this material 
quickly. 

Soak strips of newspaper (or other material) in alcoholic solution of the following 
substances, or such of them as are available, and then add a few drops of concen- 
trated hydrochloric acid. It is useful to put the material on a white glazed tile or 
plate : 

Reaction 


Phenol ... 

... hi ue-green coloration 

Resoi'cinol 

... violet „ 

Orcinol ... 

... red- violet „ 

Catechol 

... greenish- blue „ 

Pyrogallol 

... blue-green „ 

Giiaiacol 

... yellow-green „ 

Oresol ... 

... greenish „ 

a-Naphthol 

... greenish „ 

Thymol 

... green „ 

Indol ... 

... cherry -red „ 

Skatol ... 

... chony-rod „ 


It should be noted that strong hydrochloric acid alone will sometimes 
give a red colour with v^oody tissues: this is due to the presence of 
phloroglucin in the wood itself (see phloroglucin, p. 88). 

Ex ft, 74. Destruction of the lignin elemmt in wood. Take some paper which gives 
the phloroglucin reaction for lignin strongly and cut it into pieces about an inch 
square. Then boil the paper in some 1 o/o sodium hydroxide solution for a short time. 
After washing well, put it into a flask or large test-tube with a few c.c. of bromine- 
water and allow it to stand for an hour or two. Then wash again and heat in a 
2 ®/o solution of sodium sulphite. Wash free from sulphite, dry and test with 
alcoholic phloroglucin solution and strong hydrochloric acid. No red colour, or very 
little, will be produced. If a little red coloration is formed, the procew should be 
repeated until finaly all the lignin reaction disappears. 
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Pecto-cellulose. The non-cellulose constituents in this case belong 
to the class of pectic substances which have already been considered 
(see p. 63). Such celluloses occur in the cell-walls of the tissues of 
many fleshy roots, stems and fruits. 

Adipo- and cuto-celluloses. These products are found in the walls 
of corky and cuticularized tissues. Their chemical composition is 
obscure but they appear to contain substances of a fatty or wax-like 
nature. 

Hemi-celluloses. These are not strictly celluloses since they are built 
up of mannans, galactans and pentosans on lines which have already been 
considered (see pp. 59 and 60). They frequently occur united with each 
other, for instance as galacto-, gluco- and fructomannan, galactoaraban, 
galactoxylan, etc. They are found in the cell-walls of the tissues of 
many seeds. 


The Syisthesis and Inter-relationships of Carbohydrates 

IN the Plant. 

Now that the properties and characteristics of various carbohydrates 
have been dealt with, their synthesis and their relationships, one to 
another, may be considered. 

In the previous chapter it has been shown how the plant synthesizes 
a sugar from carbon dioxide and water by virtue of the chemical energy 
obtained from transformation of radiant energy by means of chlorophyll. 
When this sugar reaches a certain concentration in the cell, in the 
majority of plants, starch is synthesized from it by condensation with 
elimination of water. The starch is thus the first visible product of 
assimilation and is temporarily “ stored '' in an insoluble form during the 
day, when photosynthesis is active. During the night photosynthesis 
ceases but the sugar is still translocated from the leaf, as it was in fact 
during the day ; thus, since the supply ceases, the concentration in the 
cell falls, and the “ stored starch is then hydrolyzed again into sugar, 
and the process continues until the leaf is either starch-free, or contains 
considerably lass starch. During the next day, the starch formation is 
repeated and so forth. The process of hydrolysis of starch is carried out 
by the enzyme, diastase, with the formation of dextrin and maltose. In 
all probability this same enzyme controls the synthesis of starch. 

On the other hand, it has been shown that many plants do not form 
starch at all in their leaves but only sugar. Examples are the adult 
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Mangold plant {Beta vulgaris) and many Monocotyledons (Allhim, 
Scilla), 

As to the question of which sugars are present in the leaf, there is 
only evidence from accurate work on a few plants. Careful investiga- 
tions have been made of - the sugars in leaves of the Mangold (Beta 
vulgaris) (Davis, Daish and Sawyer, 15), Garden Nasturtium (Tropaeo- 
him majus) (Brown and Morris, 5), the Snowdrop (Galanthus nivalis) 
(Parkin, 24), the Potato (Solanum tuberosum) (Davis and Sawyer, 17) 
and the Vine (Vitis vinifera). The general conclusions drawn from 
these investigations are that sucrose, glucose, and laevulose are always 
present in leaves: that maltose results from the hydrolysis of starch, 
being absent from leaves which do not form starch. Maltose is not pre- 
sent in appreciable quantity even in starch-producing leaves because it is 
rapidly hydrolyzed into glucose by maltase. (In such cases where it has 
been detected it has been due to diastase action during the drying of 
leaves before extraction.) Other leaf carbohydrates are the pentoses 
which have been found in a good many species examined and may be 
widely distributed; the pentosans, their condensation products, also occur 
as well as dextrin (Potato). 

The next question to be considered is what sugar is first synthesized 
in the leaf. Is it glucose, laevulose, sucrose or maltose ? It is known 
that the enzymes, invertase and maltase, are commonly present in leaves 
and that these enzymes respectively control the hydrolysis, of cane- 
sugar into glucose and laevulose, and of maltose into glucose. It is also 
possible that they respectively control the synthesis of sucrose and 
maltose. Laevulose, likewise, as may be supposed, can be obtained from 
glucose. Thus all the sugars can be readily converted one into another, but 
to ascertain which is the first product of synthesis is not an easy problem. 

In addition to the above-mentioned work on the nature of the sugars 
present in leaves, a good deal of careful analysis has been made m to the 
proportions in which the sugars occur relatively to each other during 
stated periods of time, with a view to answering the question as to 
which is the first-formed sugar. There are two possibilities : one, that 
it is sucrose and that it is hydrolyzed into glucose and fructose: the 
other, that it is glucose, from which fructose is derived, and the two are 
then synthesized to form sucrose. 

Opinion is divided on this point and there is not at present sufficient 
experimental evidence to decide the matter. The majority of investi- 
gators regard sucrose as the fii-st-formed sugar, and suggest that it is 
inverted into hexoses for purposes of translocation, since the smaller 
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molecules would diffuse faster, ''rhere is experimental evidence that 
there is an increase in hexoses in tlus conducting tissues. Others favour 
the view that glucose is tlu^ first-tbrmed sugar, and bring forward 
evidence to this effect. Then* is howevei* no reason why hexoses should 
not be formed first and tlKUi (*.onvert(*.d into carui-sugar and temporarily 
stored as such, being again nu’nverted into hexoses for translocation. 
Nor is there any ntasoti for supposing that the first-formed sugar is 
always the same in (*very [)lant. 

There appears to be v(*ry littl(‘ doubt that maltose is formed in 
the hydrolysis of starch, and also that starch is a temporary reserve 
material in the leaves, but wh(‘ther foniuKl direct from sucrose or from 
hexoses cannot be stated. 

There is sonici evi<leuc(i in favour of the view that glucose is more 
readily used in respiration than laevulose, for under circumstances when 
neither can be iricreast^d, tlu^ glucose Umds to disappear. 

From the leaf the various sugars are translocated to other organs of 
the plant, e.g. root, stem, flower, fruit and sce<l In some cases starch 
is synthesized from the sugars and “ stonnl ” in roots, tubers, tuberous 
sterns, fruits an<l seeds. In (d.h(^r cjis(‘s the sugars themselves may be 
“ stored,'* as, for instanct*, in the root of the Beet {Beta vulgaris), or they 
may have a biological significance, m in sweet fruits. It must also be 
borne in mind that sugars am employed throughout the plant in re- 
spiration and in the? synthesis of more complex substances, i.e. cellulose, 
gums, pentosans, tmicilage, aromatic substances, fats and to a certain 
extent proteins: in fact they or theur precursors constitute the basis 
from which all organic <5oiriiK)iindH art^ synthesized. 

The following t!X|Kiriincmts can be performed with either the Garden 
Beet or the Mangold Wurzel, both of which are varieties of Beta vulgaris, 
the Common Beetroot. The Hugars in the leaves and petioles of the 
Mangold have betui investigatoi (Davis, Daish and Sawyer, 15) and 
sucrose, laevulose and glucosi*. have been found. Starch is absent in 
the adult plant and als(» maltose. The opinion is held that sucrose is 
the first- fomied sugar of photosynthesis and that this is hydrolyzed for 
translocation on account of the greater rate of dififusion of the smaller 
molecules of glucose and lacvuloscx These are again synthesized in the 
root to form sucrose where the latter is stored, and hexoses are almost 
absent from this organ. Though the facts conceraing the distribution 
of the sugars stated above are reliable, it is not certain that the deduc- 
tions are permissible. The leaf contains the enzymes, invertase, maltase 
and diastase (Robei*teon, I.rvine and Dobson, 25). 
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In connexion with the occurrence of various sugars in loaves it is 
of interest to note that glucose, fructose and mannose can pass owr 
into one another in alkaline aqueous solution. This has hem explaintnl 
by their conversion into the enolic (uimturat(‘(l) form comniun to jill 
three hexoses : 
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ExpU 75. To shorn the presence of both hexoses and mierose in the imf ( Davis, 
Daish and Sawyer, 15). Take about 5 gras, of fresli Imif of either the or Mangohi. 
(Leaves of the Garden Njisturtium {Tropaeolmn majus) and Wild C’hervil ((//law- 
phyllum sylvestre) may also be used.) Tear them into small pimjes and dmp them 
into boiling 90-98 alcohol in a fltisk on a water-bath. I n this way the eiii^yrmiH c»f the 
leaf are killed, and no changes will occur in the a^rbohyd rates pnmijnt. Afttsr Isuling for 
a short time, the alcohol is filtered off and the extraction «^p{iaUid. Kvajairate the 
filtrate to dryness in an eva^iorating dish on a water-lmth. The filtrate will contain 
chlorophyll and various pigments, sugars, glucosides, aromatic coin|Kmnds and cither 
substances according tc^) the plant used. Then add akiut SiC) c.c. of water and at in- 
tervals a few drops of bmiclead acetate until it ceases to fonn a precipitate. By this 
moans all hexoses comhimd with aromatic sidwtancoH as gIuco»icl<M?i (see p, 142) are 
precipiteted as insoluble lead salts. Tlie precipitate is filtercsd off and the lend in the 
titrate removed by sodium ciarbonato, avoiding extsoss. Filter again and the filtrate 
will contein the sugars. Boil the latter and add Fahling^s solution drop by dfo|i till 
reduction ceases. Filter off the copper oxide and then lH>il the solution with dilutee 
sulphuric acid for a few minutes and make neutral hi phenolplitlialeim IliMliiction 
will occur ou adding more Fohling and Imiling, owing to the inversion of the emue- 
Hugar present. 


Espt. 76. To show theprmmwe of hexoses in the leaf by meum of i/mfornmiimi of 
glutmazLme, Leaves of Beta^ Ckumtpkyllum sylvmire^ or Troptmdmm iiiiiy used. 
Extract as in the previous exjieriment and precipitete tli© gliiconickw with the 
minimal amount of basic lead acetate. Test for osaxone in tlie filtrate an In 
Bxpi 41 (d). 

Expt 77, To obtain staxck from gtem Imvm. Weigh out S§ gma of Imi-fiete of the 
Pea (Fumm mtivum). The leaves should have been picked in the iiviming after a 
sunny day, and it does not matter if the cut l»v« are left overnlghi Dip the leaf- 
lets for a moment into boiling water, remove exeew of water mid drop tlieifi into 
200 c.c. of 06 - 98 % alcohol and boil till the ehloroplijll is exfcaotrf: ■filter. 


V] 


HYDROLYZING ENZYMES 


73 


Take the residue of leaves and pound (but not finely) in a mortar and then wash 
thoroughly with distilled water. Filter through muslin and press free from water 
(this process extracts most of the protein). Boil the residue with 100 c.c. of water and 
filter. To the filtrate add iodine. At first the colour may disappear owing to the 
presence of protein in solution in addition to the starch. When more iodine is added 
a deep blue coloration is formed. 


Plant Enzymes which hydrolyze Carbohydrates. 

Diastase. In the plant starch may be regarded as a reserve product. 
It is synthesized from sugar, and may be again hydrolyzed into sugar. 
It can be shown experimentally that starch is converted into 'glucose by 
boiling with acids, but in the plant the hydrolysis of starch is catalyzed 
by the enzyme, diastase. Although the reaction is doubtless of con- 
siderable complexity, it may, broadly speaking, be represented as 
follows : , 

(C(jHioOf,),i+ H2O (C6Hio05)3.H-Cx3H220ii 

Dextrin Maltose 

Thus the final products under these conditions are dextrin and the 
disaccharide, maltose ; and not glucose. 

It is reasonable to assume that cells which contain starch also either 
contain, or are capable of producing, diastase. But the amount of 
diastase present, or at any rate capable of being extracted, varies in 
different tissues. Diastase, like most enzymes, is soluble in water. In 
many cases, however, a water-extract from fresh crushed tissues in which 
diastase occurs, will not contain any appreciable amount of enzyme. 
This is sometimes due to the fact that the protoplasm does not readily 
yield up the enzyme until it has been killed. If the tissues are dried at 
a moderate temperature (30-40"* C.) both the powdered leaves them- 
selves and a water extract are fairly rich in diastase ; or, if the living 
tissues are macerated and extracted with water to which chloroform 
has been added, the cells die more rapidly and yield up the enzyme to 
the solvent. From such a water extract, a crude precipitate containing 
the enzyme may be obtained by addition of alcohol. For obtaining the 
maximum results with diastatic activity in leaves, a water extract 
should be made after they have been killed, either by drying, or by the 
action of toluol or chloroform. 

It has been shown (Brown and Morris, 5) that in leaves which con- 
tain tannin, the presence of the latter largely inhibits the action of the 
enzyme and may be the cause, in such cases, of an entire lack of activity 
in the extract. 
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The diastatic activity of leaves app(.‘ars to vary largtdy in diffc^rcnit 
genera and species. The subject has b(u*n inv(‘stigat(‘(l ( Ih’own and 
Morris, 5) and a. list of their relative activities has >><‘(‘0 drawn up as 
follows. 

[The num])ers represent the anioinit of e.x{>mssfHi in grams, whirh H) 

gnis. of air-dried leaf will produce from sohihlc-stai'ch (Htarch ti’eated with dilute 
hydrochloric acid) by hydrolysis in 4.S lirs. at 30' il\ 


Pisum sativum 

Idiaseolus nuiltiflorus 

....no-4!) 

HelianthuM fiiinuus 

H. tuheroHUH 

3*94 

3-7H 

Lathyrus odoratus 

...KX)*37 

Funkia simmsis 

0*91 

I / ppOoMsiH 

... 34'7h 

Allium Cepa 

3*70 

Trifolium pratense 

.... 89*(>() 

H ernfU'ocal I is f u 1 va, 

2*07 

T. ochrolouciim 

... 5()*21 

Foimlus sp 

3*79 

Yiciasativa 

... 7fi*r>r> 

Syringa vulgaris 

2*53 

V. hirsuta 

... 53*23 

Cotyledon Ihnbi liens 

4*m 

Lotus corniculatus 

.... 19*48 

Humulus Lupulus ...2*01 

9W 

Lupinus Hp 

.... 3*51 

Ilymenophylhua demisHum ... 

4*20 

Grass with Clover 

... 27*92 

Hy^'drocliaris MorHus-ranae ... 

0*207 

Tropaeolum iriajus 

From the above teble 

3'6B-9*(>4 

it is s(‘en 

that the leavcjH of gmuTa of the 


Loguminosae are apparently very rich in difistase. Whtdher this is so, 
or whether in other plants the dijistatie activity is inhibit(»(l by other 
substances, has not yet been fiscertained. As rntuitioruKl al>ovt% tannins 
inhibit the action of diastase, and henc(5 Ic^avijs rich in tannin, e.g. Hop 
(Humulm), ainnot be expected to yield gotxi restiltH. 

The tissues of germinating barley (Hordeum vulgare) also c<»ntain 
large quantities of diastfise, and this material can be uses! to demon- 
strate the solubility, isolation and tmtivity of the* c‘nz 3 une. 

The action on st^irch of diasbise from the leaf of the* ( ’omnion IV»ii 
(Pisum sativum) and from germinating barley gmins has already been 
demonstrated [see Expt 57 (a) and (6)] in connexion with di»xtrin. The 
following experiments have special reference to thc^ enzyme. 

Esopi. 78. To demomtrate the actimty of diantamf from germinating htrlmf. ClritMl 
2-3 gms. of barley grains in a eofibe-inilL Ikdl the prodwcjt with lOI) c.c*. ef water 
and filter, first through fine muslin if n<XK;wary, then thrmigh filter«pfi|«r. A -sterefi 
“Boliition will be obtaineti 

Pound up 2-S gins, of germinated Imrley gmim in a mcutiir and extriiot tli© 
with 50 c.c. of water. Filter, and taka two equal |Mrrtioiis in two Iloii one 

tube. To both tubes add an equal quantity of the stfireh w»lutioti pitspiKid above. 
flm& the tubes in a beaker of water at ^^-40” C. From tinifi m time wltlidmw it 
drop from each tube with a pipette and tc^t with iodine mdiitii at oii a white tile. The 
starch in the unboiled tnlm will gradually give the deitriri mmtmm (i§i» p. 57); that 
in the boiled tube will remain unchang^. 
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This simple method may also be adopted for showing the diastatic activity of 
leaves. Instead of germinating barley, a few leaflets of the Pea {Pisum sativum) or 
Clover {THfolium pratense) should be pounded up in a mortar and extracted witli 
50 c.c. of water and filtered. 

Expt. 79. To show that leaf-diastase is still aative after drying the leaves at 
temperatures not higher than 38° C. Take 10 gms. of fresh Pea leaves and dry by 
spreading them in the sun. Then powder and finally dry in an incubator at 38" C. 
Make up 500 c.c. of a 1 % solution of starch (see Expt. 55). To this add the dry leaf 
powder together with a few drops of toluol and keep in an incubator at 38° C. Test 
the solution with iodine from time to time and note the hydrolysis of the starch. 

Ea^pt. 80. To show that the action of diastase is impaired by contact of the enzyme 
with alcohol. Pound up 10 gms. of fresh Pe^ leaves, add 100 c.c. of water, a few drops 
of toluol and allow the mixture to stand for 12 hrs. Filter off the extract, and 
add at least an equal bulk of 96-98 <Vo alcohol. A white precipitate is produced 
which, among other substances, contains crude diastase. Filter, and wash the 
precipitate with a little water into 500 c.c. of a 1 % starch solution. Adda few drops 
of toluol, plug with cotton-wool and put in an incubator. Test with iodine from 
time to time. It will be found that the hydrolysis takes place much more slowly 
than in the previous experiments. 

Expt. 81. To shoio that the action of diastase is inhibited by tannic acid. Take 
about 0*5-1 gm. of dried powdered Pea leaf. Let it stand for about 12 hrs. in 50 c.c. 
of water containing a few drops of toluol. Filter off, and to equal amounts of the 
filtrate in two small flasks add aliout 10 c.c. of a 1 starch solution. Add also 
10 c.c. of a 0*5 Vo tannic acid solution to one test-tube. Put both tubes into an 
incubator. Test with iodine solution after a few hours. It will be found that the 
tannic acid has inhibited the action of the diastase. 

Maltase. This enzyme hydrolyzes maltose into two molecules of 
glucose : 

Ci2H220ii-i- H2Q ==2C(5Hi20(}. 

Investigations upon maltase have, until recently, produced rather 
contradictory results, but later work (Davis, 12: Daish, 13, 14) has led to 
more satisfactory conclusions. The latter show that maltase is most 
probably present in all plants in which hydrolysis of starch occurs. It 
has been detected in leaves of the Nasturtium (Tropaeolum), the Potato 
{Solarium), the Dahlia, the Turnip (Brassica), the Sunflower (Helianthus) 
and the Mangold {Beta), and it is most probably widely distributed in 
foliage leaves. Its detection is not easy for various reasons which are 
as follows. It is not readily extracted from the tissues by water : it is 
unstable, being easily destroyed by alcohol and chloroform. Its activity 
is also limited or even destroyed at temperatures above 50° C. Hence 
the extraction of maltase, by merely pounding up tissues with water, 
does not yield good results : moreover, as an antiseptic, toluol must be 
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tised and not chlorofonn. Finally, if the enzyme is to be extracted from 
dried material, this must not be htjated at t(H> high a tempt ‘ratnn* 
previous to the extraction. 

Maltase occurs in quantity in both germinated and ungtTminated 
seeds of cereals. If, in kilning, malt has not been heattal at too high a 
temperature, the maltase may not be destroyed, and, in smdi cases, malt 
extract will contain both diastase and maltase. This would explain tin* 
fact that glucose, instejuj of maltose, has sometimes been fd)tained by 
the action of malt diastase on starch. In otln^r cases, whtui a higher 
temperature has been employed, the malbisc^ will b(^ destroyed. Maltase 
itself, of course, does not act directly upon starch but omly on nuiltose. 
The use of chloroform, as an antiseptic, by some obseuwerH explains how 
they came to overlook the presence of maltase, thus obtaining maltosii, 
and not glucose, as an (ukI product in hydrolysis by malt (‘Xtrac^ts. The 
optimum temperature for the maltase^ reaction is (1 

The presence of maltase in leaves is not readily shown for the 
following reasons. Since malbise is destroyed by alcohi>l, thii prepara- 
tion of a crude precipitate of the enzyme by precipitating a water 
extract of the leaves is not satisfactory. If the water extnict is added 
directly to maltose, and incubated, hydrolysis may be dcnnonstratisl by 
determining the reducing |x>wer of the sugars formed. A control 
experiment must, however, be made by inculwting the water f*xtniet 
alone, and subsecjuently determining the reducing power of any sugars 
present. 

Invertase. This enzyme hydrolyzes eane-Bugar into om? mc»hKud(t 
of glucose and one molecule of laevulose: 

-f-HgO CuHj*jO04*CeH|5jO|f. 

Invertase is probably very widely distributed in plants. Its prtisence 
has been demonstrated in the heaves and stem, though not in the root, 
of the Beet {Beta vulgaris) (Robertson, Iryine and Dobson, Also in 
the leaves of a number of other plants (Kfwitle and Clark, 20). 'Its de- 
tection, by its action on sucrose, is not easy on i^eount of the iirt^mce 
of other enzymes and reducing sugars in leaf extemte. 

The absence of invertase from the root of the Beet rtiises a clifiictilly 
as to how the cane-sugar is synthesized from the hexoses supplied from 
the leaves (see p. 71). Some observers (Roberteon, Irvine and Dobson, 
26) incline to the view that cane-sugar is synthesized in the steins and 
travels as such to the roots. Othera (Davis, Daish and Sawyer, 16) 
maintain that the cane-sug^r is synthesized in the root, even thoagh 
invertase is absent. 
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CHAPTER VI 

THE FATS AND LIPASES 

A FAT may be defined as an ester or g^lyceride of a fatty acid. Just 
as an inorganic salt, such as sodium chloride, is formed by the reaction 
of hydrochloric acid with sodium hydroxide, so a fat is formed by the 
reaction of the trihydric alcohol, glycerol, and a fatty acid. 

The word fat is not a familiar one in botanical literature, the term 
oil being more commonly used. It is generally met with in connexion 
with the reserve products of seeds. The oils of seeds are, however, true 
fats. The term oil may be misleading to some extent, because a fat 
which is liquid at ordinary temperatures is usually spoken of as an oil, 
and yet there are also many other substances, of widely diflfering chemi- 
cal composition, which have the physical properties of oils, and which 
are known as such. 

Most of the vegetable fats are liquid at ordinary temperatures but 
some are solids. 

The best-known series of acids from which fats are formed is the 
series CnH2n02 of which formic acid is the first member. The other 
members of the series which occur in fats are : 

Acetic acid CH3COOH or C2H4O2 
Butyric acid C3H7COOH or C4Hg02 
Caproic acid OsHuCOOH or CeHiaOa 
Caprylic acid C7HJ6COOH or CgHigOa 
Capric acid C9H19COOH or C10H20O2 
Laurie acid C11H23COOH or C12H24O2 
Myristic acid O13H27COOH or C^HasOa 
Palmitic acid CigHaiCOOH or CioHagOa 
Stearic acid O17H85COOH or CigHgeOa 
Arachidic acid O19H39OOOH or C20H40O2 
Behenic acid C21H43OOOH or O22H44O2 

Another series is the oleic or acrylic series CnH.^^202 of which the 
members are : 

Tiglic acid CgHgOa 
Oleic acid C3SH34O2 
Blaidic acid 013113402 
Iso-oleic acid C18H34O2 
Erucic acid C22H42O2 
Brassidic acid O22H43O2 
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Of these, oleic acid (as glyc(Tide) is the most widely distributed. 
Yet other series are : 

The 1 iriol ic H ^ 40 y 

Thii liiiolenic 
The clupanodonic 
The riciiioleic . ( -n H -// - aO;j 

The fat which occurs in an oil-containing sis^d is not ct>fnjH>Hed of 
the glyceride of one acid, l)iit is a inixtun^ of th(‘ glyce.ridcts of H(‘V(U’al, 
or even a large number of different acids, oftcui uKunhiU’s fr<un more 
than one of the above series. Thus the fat of the fruit of tlu‘ (/oconut 
(Cocos micifera) consists of a mixture of the glyeeridc^s of caja’oic, eapry- 
lic, capric, lauric, myristic, palmitic and oleic acids. LinHtu‘(l oil from 
the seeds of TAnum usitatisavnmni again is a mixture* of tin* glycc*rideH 
of palmitic, myristic, oleic, linolic, liiiolenic and isolinolenic acids. Simi- 
lar mixtures are found in other fruits and si‘edH. 

Since glycerol is a trihydric alcohol, it would be jK>sHible for one or 
more of the three hydroxyls to n^act with the acid to form monO“,di- or 
tri-glycerides. All these cjihcs occur and, Hoim^times, (Uie hydroxyl is 
replaced by one acid, and another hydroxyl by a differimt acid. 

When the distribution of fats among the flowering plants is con- 
sidered, they are found to be more widely distributed than tha botanist 
is generally led to suppose. 

The following is a list of some of the plants esjKJcially rich in fats 
as reserve material in the fruits or seeds. It repremuits mdy a selcfction 
of the better known genera, since many other plants have fatty seeds. 
An approximate percentage of oil present in the fruit or seed is given. 

Grarninaceae : Maijsci {Zea Mays) 4 

Palmaceae ; Oil )?iiX\i\(Elaei8guine7mw)i}%^%: Cocjonufc Palm {(hem 
nucifem) 65 7o- 

Juglandaceae : Walnut (Jugtans regia) 52“/f 

Betulaceae: Hazel {(hr y I us Avellana) 55 

Moraceae r Hemp {Cannabis sativa) 

Papaveraceae : Opium Poppy (Fapaver somnifermri) 47 Y«* 

Oraciferae: Garden Crem {Lepidium sativum) 25%: Black Miistarcl 
{Sinapis nigra) 20 White Mustard {Sinapis alba) 25%: Co!m 
{Brasma rapa var. oleifera) 33 Yo • Ibipe (Brmma napm) 42 Y§* 

Rosaceae: Almond {Prunm Amygdalm) 42 Y»: Peach {IK P§rma) 
35 Yo • Cherry (P. Cerasus) 35 Yo^ Plum (P. dofmstica} 27 Y#* 

Linaeeae: Flax {Imum udiatusimum) 20-4WY®' 

EuphorMaceae : Oastor-oil (Midnm communis) 51 Y#* 
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Malvaceae : Cotton {Oossypium herhaceum) 24 Yo* 

Sterculiaceae : Cocoa {Theohronia Cacao) 54 7o* 

Lecythidaceae : Brazil Nut {Bertholletia excelsa) 68®/o- 
Oleaceae: Olive {OLea europaea) 20-70 -^sh {Fraxinus excelsior) 
27 Vo. 

Rubiaceae : Coffee (Coffea arahica) 12 Vo- 
Cucurbitaceae : Pumpkin {Gucurhita Pepo) 41 Vo* 

Compositae : Sunflower (Helianthus annuus) 38 Vo- 
The conclusion must not be drawn from the above list that the 
seeds of the plants mentioned have exclusively fats as reserve materials. 
In many cases fat may be the chief reserve product, but in others it 
may be accompanied by either starch or protein or both. 

Some of the best-known examples of fat-containing seeds which 
yield ‘‘ oils ” of great importance in commerce, medicine, etc., are Ricinus 
(castor oil), Brassica (colza oil), Gossypium (cotton-seed oil), Cocos 
(coconut oil), Elaeis (palm oil), Olea (olive oil). 

In the plant the fats are present as globules in the cells of the fat- 
containing tissues. 

Plant fats may vary from liquids, through soft solids, to wax-like 
solids which generally have low melting-points. They float upon water 
in which they are insoluble. They are soluble in ether, petrol ether, 
benzene, chloroform, carbon tetrachloride, carbon bisulphide, etc. : some 
are soluble in alcohol. With osmic acid fata give a black colour, and 
they turn red with Alkanet pigment which they take into solution. 

Expt. 82. Tests for fats. Weigh out 50 gms. of Linseed {lAnum usitatmwvnm) 
and grind in a cofiee-raill. Put the linseed meal into a flask, cover with ether, cork 
and allow the mixture to stand for 2-12 hrs. Filter off the ether into a flask, fit 
with a condenser and distil off* the ether over an electric heater. (If a heater is 
not available, distil from a water-bath of boiling water after the flame has been 
turned out.) When the bulk of the ether is distilled off, pour the residue into an 
evaporating dish on a water-bath and drive off* the rest of the ether. With the residue 
make the following tests in test-lubes : 

{a) Try the solubilities of the oil in water, petrol ether, alcohol and chloroform. 
It is insoluble in water and alcohol, but soluble in petrol ether and chloroform. 

(&) Add a little 1 % solution of osmic acid. A black colour is formed. (This re- 
action is employed for the detection of fat in histological sections.) 

(c) Add to the oil a small piece of Alkanet {Anckusa offioinalis) root, and warm 
gently on a water-bath. The oil will be coloured red. Divide the oil into two j)ortions 
in test-tubes. To one add a little water, to the other alcohol. The coloured oil will 
rke to the surface of the water in one case, and sink below the alcohol in the other. 
The Alkanet pigment being insoluble in both water and alcohol, these liquids remain 
uncoloured. 

Keep some of the linseed oil for Expt. 83. 

o, 
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It is well known that the hydrocarbons of the unsaturated ethylene 
series will combine directly with the halogens, chlorine, bromine 

and iodine to give additive compounds, thus: 

ethylene bromide 

The acids of this series also behave in the same way, and since many 
plant fats contain members of the series, the fats will also combine with 
the halogens. 

Ex'pt, 83. To show the presence of unsaturated groups in a fat. To a little of the 
linseed extract add bromine water. Note the disappearance of the bromine and the 
formation of a solid product. 


One of the most important chemical reactions of fats is that known 
as saponification. When a fat is heated with an alkaline hydroxide the 
following reaction takes place : 

C17H35CO ‘O— CH2 

1 

C17H36CO -O—CH + 3 KOH = 3 Ci 7 H 35 COOK-hCH 20 H • CHOH • CH2OH 
j glycerol 

CnH^sCOO— CH2 

tristearin 


The potassium salt, potassium stearate,, of the fatty acid, stearic 
acid, is termed a soap. The ordinary soaps used for washing are mix- 
tures of such alkali salts of the various fatty acids occurring in vegetable 
and animal fats, and are manufactured on a large scale by saponifying 
fats with alkali. The soaps are soluble in water, so that when a fat is 
heated with a solution of caustic alkali, the final product is a solution of 
soap, glycerol and excess of alkali. The soap is insoluble in saturated 
salt (sodium chloride) solution, and when such a solution is added to 
the saponified mixture, the soap separates out and rises to the 
surface of the liquid. This process is known as “ salting out.'' If the 
saponified mixture is allowed to cool without salting out, it sets to 
a jelly-like substance. When caustic potash is used for saponification 
and the product is allowed to set, a “ soft " soap is formed. Hard soaps 
are prepared by using caustic soda and salting out. 

The properties of soaps in solution are important. When a soap 
goes into solution, hydrolysis takes place to a certain extent with the 
foimation of free fatty acid and free alkali. The free fatty acid then 
forms an acid salt with the unhydrolyzed soap. This acid salt gives rise 
to an opalescent solution and lowers the surface tension of the water 
with the result that a lather is readily formed. 

The property of soaps of lowering surface tension is the reason for 
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their producing very stable emulsions when added to oil and water (see 
chapter on colloids, p. 11). 

Exjpt, 84. Hydrolysis of fat with alkali. Take 12 Brazil nuts, the seeds of Berthol 
letia (Lecythidaceae). Crack the seed coats and pound the kernels in a mortar. Put 
the pounded nut in a flask, cover it with ether, and allow the mixture to stand for 
2-12 hrs. Filter into a weighed or counterpoised flask and distil off* the ether as in 
Expt. 82. Weigh the oil roughly and add 4-5 times its weight of alcoholic caustic 
soda (prepared by dissolving caustic soda in about twice its weight of water and 
mixing the solution with twice its volume of alcohol). Heat on a water-bath until 
no oil can be detected when a drop of the mixture is let fall into a beaker of water. 
Then add saturated sodium chloride solution. The soaps will rise to the surface. 
Allow the soaps to separate out for a time and then filter. Press the soap dry with 
filter-paper, and test a portion to see that it will make a lather. Neutralize the 
filtrate from the soap with hydrochloric acid and evaporate as nearly as possible to 
dryness on a water-bath. Extract the residue with alcohol and filter. Test the 
filtrate for glycerol by means of the following tests : 

(a) To a little of the solution add a few drops of copper sulphate solution and 
then some sodium hydroxide. A blue solution is obtained owing to the fact that 
glycerol prevents the precipitation of cupric hydroxide. 

(h) Treat about 5 c.c. of a 0*5 solution of borax with sufficient of a 1 % solu- 
tion of phenolphtbalein to produce a well-marked red colour. Add some of the 
glycerol solution (which has first been made neutral by adding acid) drop by drop 
until the red colour just disappears. Boil the solution : the colour returns. The re- 
action is probably explained thus. Sodium borate is slightly hydrolyzed in solution 
and boric acid, being a weak acid, is only feebly ionized, and therefore the solution 
is alkaline. On adding glycerol, glyceroboric acid (which is a strong acid) is formed 
and so the reaction changes to acid. On heating, i^he glyceroboric acid is hydrolyzed 
to glycerol and boric acid, and the solution again becomes alkaline. 

(c) Heat a drop or two with solid potassium hydrogen sulphate in a dry test-tube ; 
the pungent odour of acrolcjin (acrylic aldehyde) should be noted : 

C2H3 * CHO -P2H2O. 

In addition to Brazil nuts, the following material can also be used : 
endosperm of Coconut, ground linseed, almond kernels and shelled seeds 
of the Castor-oil plant {Ricinus): about 50 gms. should be taken in 
each case. 

Ea:pt 85. Reactions of soaps, (a) Take some of the soap which has been filtered 
off’ and shake up with water in a test-tube. A lather should be formed, (b) Make 
a solution of a little of the soap in a test-tube and divide it into three parts. To each 
add respectively a little barium chloride, calcium chloride and lead acetate solutions. 
The insoluble barium, calcium and lead salts will be precipitated. (The curd which 
is formed in the case of soap and hard water is the insoluble calcium salt.) Thirdly, 
take the remainder of the soap and acidify it with dilute acid in an evaporating dish, 
and warm a little on a water-bath. The soap is decomposed and the fatty acids are 
set free and rise to the surface. 
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Expt. 8(). Reactions of fattif acids, {a) Try the KoluhilitieH in f‘ther and al<‘c)h<jl 
of the acids from the previous experiment They are sohihle. (h) Shake* an ah'oholie 
solution of tlie fatty acids with dilute bromine water. The c-okair of tin* bromine is 
discharged owing to the bromine foniiiiig additive eompounds with the tinajiturated 
acids. 

The qn(?sti(m of th<‘. metabolism of fats in the? jdant is a Viny com- 
plicated one and has not yet been satisfactorily investigated. All phud.s 
may have the power of syntln ‘sizing fats, and a gr(‘a.t immlHa*, as wt* have* 
seerg contain largt^ stor(‘s of tho.sf* compounds in the tissuf^s of th(‘ 
embryo, or endosperm, or botdi. Idle point of intu’est is that (d’ tracing 
the processes by which thes(i fats are synthesizc’d, and an* again hyclne 
lyzed and decomposed. The products of decomposititui may scu-ve for 
the synthesis of other more vital compounds as the eniliryo d<^V(*lo|m, 
and before it is able to synthesizti the initial carboliyd rates, and to 
absorb the salts requisite i for general plant metalxdism. 

One fact seems fairly cl(‘ar, namely that when fat-containing Heeds 
germinate, an enzyme is pnjsent in the tissues which has tlm power of 
hydrolyzing fats with the formation of fatty acids and glyc«‘roL Such 
enzymes are termed lijmses. 

The lipase which has becui most investigated is that whicli ocemrs in 
the seeds of the ( 'astor-oil plant {liidnm co7nnmniH). It has been shown 
that if the germinating seeds are crushed and alloweil to auiolyze 
(p. 19) in the presence of an antiseptic, the amount of fatty acid iii» 
creases, whereas in a control experiment in which tlie fuizyim? hiw betui 
destroyed by heat, no such increase takes place (lUynoldH (Jretm, li, I Cl). 

Investig^ition has shown the enzyme to be prescmtalso in tin? ri^stiiig 
seed, but in an inactive condition as a so-called zymogen (Armstrong, 
4, 5, (), 7). The zymogen is considered to be a salt and, after «cidific:ii» 
tion with weak acids, the salt is decjomjxmeci, an<l the enzyme Ixcoines 
active. After the preliminary treatment with acid, however, the laizyni© 
is most active in neutral solution. The effkit of acid on the zyitiogeii 
may be demonstrated by antolyzing the crushcM'l seed with ii little^ 
dilute acetic acid; the increase of acidity will be found to be triiich 
greater than in the cjise of a control experiment in which acid has not 
been added. 

It has not been found possible to extract th(! enzyme from the 
resting seed. An active material can be obtaineci by digesting the 
residue, after extraction of the fat, with diluU? act*tic acid iind filially 
washing with water. This material can then ki used for btsting the 
hydrolytic power of the enzyme on various fate. 
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There is little doubt that lipase catalyzes the synthesis of fats as 
well as the hydrolysis ; the reaction, in fact, has been carried out to a 
certain extent in vitro. 

Expt. 87. Demonstration of the existence of lipase in ungerminated Ricinus seeds. 

A. Remove the testas from about two dozen Ricinus seeds and pound the kernels 
up in a mortar. Into three small flasks (a), {h) and (c), put the following : 

{a) 2 gms. of pounded seed + 10 c.c. of water. 

{h) 2 gms. of pounded seed 4- 10 c.c. of water + 2 c.c. of N/10 acetic acid. 

(c) 2 gms. of pounded seed + 10 c.c. of water + 2 c.c. of N/10 acetic acid, and 
boil well. 

Add a few drops of chloroform to all three flasks, plug them with cotton-wool, 
and allow them to incubate for 12 hours at 37° C. Then add 2 c.c. of N/10 acetic 
acid to flask (a), and 25 c.c. of alcohol to all three flasks. Titrate the fatty acids 
present with N/10 alkali, using phenolphthalein as an indicator. A greater amount 
of fat should be hydrolyzed in (b) than in (a), and also slightly more in (a) than in 
(c). The addition of alcohol checks the hydrolytic dissociation of the soap formed on 
titration. 

B. Pound up about 15 gms. of Rieinm seeds which have been freed from their 
testas, and let the pounded mass stand with ether for 12 hrs. Then filter, wash with 
ether and dry the residue. Weigh out three lots, of 2 gms. each, of the fat-free meal 
and treat as follows : 

{a) Grind up the 2 gms. of meal in a mortar with 16 c.c. of N/10 acetic acid 
(i.e. 8 c.c. of acid to 1 grn. of meal), and let it stand for about 15 minutes. Then 
wash well with water to free from acid, and transfer the residue to a small flask. 
Add 5 c.c. of castor oil, 2 c.c. of water and a few drops of chloroform. 

(5) Treat the 2 gms. of meal as in (a), but, after washing, and before transferring 
to the flask, boil well with a little distilled water. Add 5 c.c. of oil, 2 c.c. of water 
and a few drops of chloroform. 

(c) Put the 2 gms. of meal into the flask without treatment and then add 5 c.c. 
of oil, 2 c.c. of water and a few drops of chloroform. 

Incubate all three flasks for 12 hours, and then titrate with N/10 caustic soda, 
after addition of alcohol as in A. A certain amount of acetic acid is always retained 
by the seed residue, and this is ascertained from the value for flask (5). Flask (c) 
will act as the control. 

Another question to be considered is the mode of synthesis in the 
plant of the complex fatty acids which form the components of the fats. 
No conclusive work has been done in this direction, but many investi- 
gators have held the view that the fats arise from carbohydrates, notably 
the sugars. In fact, it has been shown that in Paeonia and Ricinus, as 
the seeds mature, carbohydrates disappear and fats are formed. 

The sequence of events, however, in the synthesis of fatty acids 
from sugars is very obscure. If we examine the fojmulae, respectively, 
of a hexose * 

CHjOH • CHOH • CHOH • CHOH • CHOH • CHO 
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and a fatty «aci(l, e.g. niyristic acid : 

HjjC—CHa • CH. • CH. * CH^ ’ CH. • CH^ * CH2 ' CH^ * CH^ * CH. * CH-^ ' CH. * COOH 
it is seen that three main ch<anges are concc^rned in the nynthtjsis of 
such a fatty acid from sugar, i.e. reduction of the hydx’oxyl groups of th<* 
sugar, conversion of the aldehyde group into an acid group, and finally 
the condensation or linking together of chains of carlion atoms. An 
interesting fact in connexion with this jioint is that all naturally occur- 
ring fatty acids have a straight, and not a branched, carbon chain. It 
has been suggested (Srnedley, etc., that actetaldtthyde and a 

ketonic acid, pyruvic acid, may be formed from suga-r. P>y condcuisation 
of aldehyde and acid, another aldehyde is formed witli two morc^ carbon 
atoms. By repetition of the procciss, with final rtHliudlon, fatty acids 
with straight chains are produced. 
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CHAPTEE VII 


AROMATIC COMPOUNDS AND OXIDIZING ENZYMES' 

The aromatic compounds may be defined as substances containing 
the benzene carbon ring or a similar ring. A very great number occur 
among the higher plants but of these many are restricted in distribution, 
and may only be found in a few genera or even in one genus: others, 
on the other hand, are widely distributed. At present our knowledge of 
the part they play in general plant metabolism is obscure. 

The more widely distributed aromatic plant products may be grouped 
as : 

1. The phenols, and their derivatives. 

2. The aromatic alcohols, aldehydes and acids (including the tan- 
nins), and their derivatives. 

3. The flavone, flavonol and xanthone pigments, known as the soluble 
yellow colouring matters, 

4. The anthocyan pigments, known as the soluble red, purple and 
blue colouring matters. 

In connexion with the aromatic compounds it should be noted that 
many of them contain hydroxyl groups, and one or more of these groups 
may be replaced by the glucose residue, CeHnOs — , with elimination of 
water and the formation of a glucoside, in the way already described 
(see p. 48). The majority of such compounds are sometimes classed 
together as a group — the glucosides — regardless of the special nature of 
the* substance to which the glucose is attached (this course has been 
followed to some extent in Chapter ix with compounds, the chief 
interest of. which lies in their glucosidal nature). In treating of the 
aromatic substances in the following pages, mention will be made when 
they occur as glucosides, this combination being in these cases only a 
subsidiary point in their structure. 

The various groups of aromatic substances will now be considered 
in detail. 

Phenols. 

There are three dihydric phenols, resorcinol, catechol and hydro- 
quinone, but of these only the last is known to exist in the free state in 
plants. The two former frequently occur as constituents of complex 
plant products, and may be obtained on decomposition of such complexes 
by fusion with strong alkali, etc. 
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OH 


A 

A 

u 

iJoH 

V 

OH 

OH 

OH 

Resorcinol 

Catechol 

Hydroquinone 


Hydroquinone has been found in the free state in the leaves and 
flowers of the Cranberry {Vaccinium Vitis-Idaea), As a glucoside, 
known as arbutin, it occurs in many of the Ericaceae (see also p. 151). 

Phloroglncin is the only member of the trihydroxy phenols found 
uncombined in plants. It is very widely distributed in the combined 
state in various complex substances (Waage, 27). 


HOI 


f'^OH 


V 


Phloroglucin 


Aromatic Alcohols and Aldehydes. 

The following are some of the better known compounds of this group: 

Saligenin, or salicylic alcohol, in the form of the glucoside, salicin, 
occurs in the bark of certain species of Willow (Saliw), and in the 
flower “buds of the Meadow-sweet {Spiraea TJlmaria), Salicin is hydro- 
lyzed by an enzyme contained in the plant in which it occurs, into 
saligenin and glucose (see also p. 152). 

CHaOH 

f\0H 

u 

Saligenin 

Salicylic aldehyde occurs in species of Spiraea and other plants. 

Coniferyl alcohol, as a glucoside, coniferin, is found in various 
conifers and also in Asparagus {Asparagus officinalis). Coniferin is 
hydrolyzed by dilute acids or by enzymes (emulsin) into coniferyl alcohol 
and glucose (see also p. 151). 

CH^CH—CHaOH 

A 

I^OCH, 

OH 

Coniferyl alcohol 
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Coniferyl alcohol when oxidized yields the aldehyde, vanillin (so 
much used for flavouring), which occurs in the fruits of the Orchid 
{Vanilla planifolia). 

Aromatic Acids. 

Of this group the following are some of the best known representa- 
tives : 

Salicylic acid is a monohydroxybenzoic acid. It occurs both in 
the form of esters and in the free state in various plants. 

Protocatechuic acid is a dihydroxybenzoic acid. It has been found 
in the free state in a few plants, but is more widely distributed as a 
constituent of many plant products. As will be shown later it forms 
the basis of one of the series of tannins. 


COOH COOH 



OH 

Salicylic acid Protocatechuic acid 

Gallic acid is a trihydroxy benzoic acid : 

COOH 

OH 

It occurs free in gall-nuts, in tea, wine, the bark of some trees and 
in various other plants. It forms a constituent of many tannins. It is 
a crystalline substance not very readily soluble in cold but more soluble 
in hot water. In alkaline solution it rapidly absorbs oxygen from the 
air and becomes brown in colour. 

Expt. 88. The extraction and reactions of gallic acid. Take 100 gms. of tea, dry 
in a steam oven and grind in a mortar. Put the powder into a flask and cover well 
with ether. The preliminary drying and grinding can be omitted, but if carried out 
will make the extraction more complete. After at least 24 hrs. filter ofif the extract, 
and either distil or evaporate off the ether. The ether will be coloured deep green 
by the chlorophyll present in the dried leaves, and a green residue will be left, ^dd 
about 20 c.c. of distilled water to the residue, heat to boiling and filter. Heating 
is necessary because the gallic acid is only sparingly soluble in cold water. Keep the 
remdue for Expt. 91. With the filtmte make the following tests ; for (a), {b) and (c) 
dilute a few drops of the filtrate in a porcelain dish : 

{a) Add a drop of ferric chloride solution. A blue-black coloration is given- 
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(6) Add a drop or two of iodine Bolution. A transient imi col<Dir iippuars. 

(c) Add a drop or two of lime water. A reddish or bine coloration will be given. 

(d) To a few c.c. of the filtrate in a porcelain dish add a little lead acetate solu- 
tion. A precipitate is formed which turns red on midition of eauHtic potash solution, 
and dissolves to a red solution with excess of pobish. 

(e) To a few c.c. of the filtrate in a tcst-tulu^ add a little potassium cyanide 
solution. A pink colour appears, but disappears on standing. (In shaking with air it 
reappcai's. 

(/) To a few c.c. of the filtrate in a test-tube add a few drops of H) '*/(, gelatines 
solution. precipitate is formed. 

(g) To a few c.c. of the filtrate in a test-tulx^ add a little^ h^ad nitrate solution. 
No precipitate is fVirmed. 


Takninh. 

This m a large group of substances, many of which are of cnmplijx 
composition. They arise in the plant from simpler compauKls, such m 
protocatechuic, gallic and ellagic acids. Thctir fonnatituj takt^s plam* in 
various ways, either by condensation, acconrpfini<‘d by elimination of 
water, or by oxidation, or both; th(*re may alsolte coiubuisation with othiu* 
aromatic complexes. 

The tannins are widely distributed in thr^ higher plants and, although 
no very systematic investigation hm beem made, it is obvioun that sorm^ 
plants are rich in these subBtanccs, others jioor, and otfiers, again, 
apparently entirely without thenn The tarmiuH generally occur in 
solution in the cells of tissues of the root, stem, leaf, fruit, sceed and 
flowers: sometimes they are confined to siKicial cells, Umnin-mam, but 
after the death of the cell, th(*. cell-walls of the dtmd tissue 
impregnated with the tannin. In tannin-prcKlucing plantH, the tiinniu 
is generally found throughout the plant, and it probably tends to 
^iccumulate in permanent or dead tissues, such as the bark (dead cortex 
and cork), woody tissue, underground stems, etc. 

Tannins appear to be more frequent in woody than in herbiiceotis 
plants, though in the latter they naturally only accumiikte in the 
persistent underground stems and root-stocks. In annufils, iilso, tannins 
seem to be more rare : this may be due to the fact that in a Hhorfc-lived 
plant, comparatively little tannin is formed and is not so readily detected 
as in the tissues of a perennial. 

In certain plante which are highly tannin-proiliicing ainl are fdsr> 
woody perennials, the bark become very rich in taaniiii. Theicj luirks 
are consequently of considerable commercial importenc© for tanning of 


VIl] 


OXIDIZING ENZYMES 


91 


leather. As examples may be taken species of Caesalpinia, Spanish 
Chestnut (Castanea), Eucalyptus, Oak {Quercus), Mangrove (Rhizophora), 
Sumac (Rhus), Tannins also occur in quantity in galls, especially on 
species of Qaercus. 

As a class, the tannins are non-crystalline and exist in the colloidal 
state in solution. They have a bitter astringent taste. They have 
certain properties and reactions in common, i.e. they precipitate gelatine 
from solution, are themselves precipitated from solution by potassium 
bichromate, and give either blue or green ’colorations with solutions of 
iron salts. Many tannins occur as glucosides but this is by no means 
always the case. 

It is possible to classify the tannins into two groups according as 
to whether they are complexes derived fi-om protocatechuic acid or gallic 
acid : 

1. The pyrogallol tannins. These give a dark blue colour with 
ferric chloride solution, and no precipitate with bromine water. 

2. The catechol tannins. These give a greenish-black colour with 
iron salts, and a precipitate with bromine water. 

. Expt 89. Reactions of tannins. Take three oak galls (the brown galls formed by 
species of Cynips on the Common Oak) and pound them finely in a mortar. Boil up 
the powder well with a small amount of water in an evaporating basin and let stand 
for a short time. Then filter. The filtrate will contain tannin together with 
impurities. Make the following tests with the extract : 

(а) Put 2 c.c. of the tannin extract into a small evaporating dish, dilute with 
water, and add a drop or two of ferric chloride solution. A deep blue-black colour is 
i:)roduced. 

(б) Put 2 or 3 drops of the tannin extract into small evaporating dish, and 
dilute with water : add a little dilute ammonia and then a few drops of a dilute 
solution of potassium ferricyanide solution. A red coloration will appear. 

(c) To 5 c.c. of the tannin solution in a test-tube add some strong potassium 
dichromate solution. The tannin will be precipitated. 

(d) To about 5 c.c. of the tannin extract in a test-tube add a little lead acetate 
solution. The tannin will be precipitated. 

(e) Melt a little of a 10 % solution of gelatine by warming gently and then pour 
drop by drop into a test-tube half full of tannin extract. The gelatine will be 
precipitated. 

S For the above tests, in addition to galls, the bark stripped from two to three year 
d twgs of Quercm may also be used, and will give the same reactions. The bark 
should be cut into small pieces for extraction. 

It should be noted that although many tannins give the above 
reactions, it does not necessarily follow that all tannins will give all the 
reactions. 
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Exfi. 90. To demonstrate the existence of jN/royallol and eater hoi tannins. The 
existence of a pyrogjillol tannin whicli gives a blue reaction with iron salts has 
been illnstrated in the last exi)crinient on the Oak galls and the bark from Oak twigs. 
The bark of the Sumac i^lihus Coriarid) and the fruit pericarp, leav(‘H and bark of the 
Sweet Glicstnut {GasUmea mhjaris) may be used as additional material for pyrogallol 
tannins. 

For an iron-greening tannin strip oft* tlie outer bark fnan two to thre<^ year old 
twigs of the Horse Chestnut {x\eseuhis liqipoeAistanmn). Cut or t(Nir the bark inU) 
small pieces and boil well with a little water in an evaporating dish. Filter and test 
the filtrate with ferric chloride solution as in Expt. 89. A greoii coloration will be 
given. Iron-greening tannins may also be extracte<l from the bark of twigs of th(^ 
Walnut {JuglauR refjiu) and of tln^ fjarch {Larix europaea). 

In the case of both classes of t^innins, in addition to th(^ hu-ric chloride reaction, 
tlio testa of Expt. 89 (c) and (c) should also be made on tlie extracts, in order t<‘ 
confirm the presence of tannin, since otlKU* substances, such as flavoncs, may give a 
green colour witli iron salts (see p. 94). 

Some of the individual tannirm will now bi‘ conBiderod. 

Gallotannic (or tannic) acid is one of tht? most important of the 
pyrogallol tannina. It occurs in O.ak galls and Oak wood, in teta, in th(^ 
Sumac (Rhus Coriariaf etc. According to nKuait inv(‘stigation.s ( Fischer 
and Freudenberg, 8) tannic acid may be regarded as a compound of one* 
molecule of glucose with fivc^ molecules of digallic acid in whicli five 
hydroxyls of the sugar are esterified by fiv(^ moleeidcis of acid : 

CH2(0X) CH(0X)'CH *CH(OX) CH(OX) * CH(OX) 

I ■ ■ ■ O ^ 

where X = —CO • CoHaCOH)^ • O • CO • C^jHaCOH).-, 

Tannic acid is an almost colourless amoqihtms substanct*. It has an 
astringent taste, is soluble in water and alcohol, only slightly sidiiblc! in 
ether, and insoluble in chloroform. It is decompoHed, by boiling with 
2 hydrochloric acid, into gallic acid. 

Expt 91 . Extraction and reactiom of tannic (or gallotannic) acid, lly a crude 
method a solution of gallotannic acid can Im obtain«i from tea, Alsuit Hgms. of the 
residue, after the extraction with ether in Expt. 88, is again ©xtrack.id witli ether 
once or twice which will remove all but traces of gallic acid. Boil n|i tho Kisidlue fmm 
ether with a little water and filter. With the filtrate make the fiillowiiig testi which 
(liflferentiate between gallic atid gallotannic aeid : 

(a) To about 10 c.c. add a little 10% gelatine. The gelatine is precipitati^, 

(b) To a little of the filtrate add a few drops of lead nitrate solution. The tannic 
acid is precipitated. 

The remaining tests are given in common with gallic acid. If tlie extra^^ is too 
coloui*ed, dilute with water. 

(c) Dilute a few drops of the filtrate with water in a porcelain dish and add a 
drop of ferric chloride solution. A blue-black colour is given# 
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{d) Dilute a few drop« of the filtrate with water in a porcelain dish and add a 
drop or two of iodine solution. A transient red colour is formed. 

{e) To a little of the filtrate in a test-tube add a few drops of potassium cyanide 
solution. A reddish-brown colour is formed which changes to brown but becomes 
red again on shaking with air. 

In addition to tannic acid, a great many other tannins are known, 
but their constitution is obscure. 

ExpL 92. To demonstrate that in tamim-containing plants the tannin may he 
also present in the leases. Take about two dozen leaves of the Common Oak 
{Quercus Rohur) and x^cund them in a moi-tar. Then boil the crushed mass in an 
evaporating dish with a little water. Filter, and with the filtrate make the tests for 
tannin. Leaves of other trees also may be used, e.g. the Wig Tree {Rhns Cotinus)^ 
Sweet Chestnut {Gastanea oidgaHs), 

Expt. 93. To demonstrate that tannins may he present in herbaceous as well as 
woody plants, E.^tract some leaves, as in the last experiment, of Scarlet Geranium 
{Pelargonium zonale) and test for tannin. 

Expt. 94. To demonstrate that tannins may he present in petals and fruits^ in 
addition to othefr' parts of the plant. Extract and test for tannins as in the last exx)eri- 
ment, using petals of Pelargonium zonale,, Common Paeony {Paeonia officinalis) or 
Pose (any garden variety), inflorescence of Flowering Currant {Ribes sanguineum),, 
flowers of Horse Chestnut {Aeseulus Hippocastanum) or i)ericarp of Sweet Chestnut 
{Gastanea), 


The Flavone and Flavonol Pigments. 


These yellow colouring matters are very widely distributed in the 
higher plants (Shibata, Nagai and Kishida, 26). They are derived from 
the mother substances, flavone and flavonol, the latter only differing 
from the former in having the hydrogen in the central 7 -pyrone ring 
substituted by hydroxyl : 





CH 


Flavone 





V^o 

Flavonol 




The naturally occurring pigments, however, have additional hydro- 
gen atoms replaced by hydroxyl groups, that is they are hydroxy- 
flavones and flavonols, and the various members differ among each other 
in the number and position of these hydroxyl groups. Some of the 
members are widely distributed, others less so. Quite often more than 
one representative is present in a plaoit. 
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The flavone and flavonol pigments are yellow crystalline substances, 
and as members of a class they have similar properties. They occur in 
the plant most frequently as glucosides, one or more of the hydroxyl 
groups being replaced by glucose, or, sometimes, by some other hexose, 
or pentose. In the condition of glucosides, they af-e much less coloured 
than in the free state, and, being present in the cell-sap in very dilute 
solution, they do not produce any C(jlour effect, (‘specially in tissueH 
containing chlorophyll Occasionally they give a yellow colour to tissucjs, 
as in the rather rare case of some yellow flowcu-s {A7ithThiniwi) where 
colour is due to soluble yellow pigment. 

In the glucosidal state, the flavone and flavonol pigtnents an;, as a 
rule, readily soluble in water and alcohol, but not in ether. In the ru>n- 
glucosidal state they are, as a rule, readily soluble in alcohol, somewhat 
soluble in ether, but soluble with difficulty in water. 

The flavone and flavonol pigments can lx; easily dc‘t(;ct(;{l in any 
tissue by the fact that they give an intense yellow colour with alkalies 
( Wheldale, 29). If plant tissues be held over ammonia vapour, they turn 
bright yellow, showing the presence of flavone or flavonol pigments: the 
colour disappears again on neutralization with acids. (Tht; n^action is 
especially well seen in tissues free from chlorophyll such'as white flowcjrs.) 
This reaction will be found to be almost univermil, showing how wide is 
thcur distribution. With iron salts, solutions of the pigments give; green or 
brown colorations. With lead, insoluble salts are formed. Stweral of 
the members are |X)werful yellow dyes, and hence some plants in which 
they occur, such as Ling {E^'ioa cinerea), Dyers Weld or Rocket {lUueda 
luteola), have been used for dyeing purj>OBes. T’he value of these colour- 
ing matters m dyes h(us led to their chemiail investigation, and as a 
result the constitution, etc., of the hydroxy-flavones and flavonols is 
well established. 

Expt 95. Dmionstratimi of the prmmm of flmjone or flfwoml pltjmenM in timtm 
without chlorophyll. Take flowers of any of the undeniientiimeci speeie« and put 
them in a flask with a few drops of ammonia. They will rapidly tura yellow owing 
to the formation of the intensely yellow salt of the flavone or flavcatol |iipii©tite 
present in the cell-sap. If the flowers are next treated with acid the yellow colour 
will disappear. 

Also make an extnict of some of the flowers with a little boiling water. Filter, 
cool and add th© following reagents : 

(a) A little alkali. A yellow colour is produced. 

lf>) A little feme chloride solution. Either a gr^ii or brown colomtion is 
produced. 

(c) A little -basic lead, acetate solution. A yellow preeipitote ^ th© Imd salt of 
th© flavon© er flavonol pigment is formed. 
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The flowers of the following species can be used : Snowdrop {Oalanthus nivalis)^ 
Karcissus {Narcissus poeticus)^ white variety of Lilac {Syring a vulgar is\ Hawthorn 
{Crataegus Oxyacantha\ White Lily {Lilium candidum)^ white var. of Phlox, doable 
white Pink, white Stock {Mattkiola) etc., etc., in fact almost any species with white 
flowers or a white variety. 

Expt. 96. Demonstration of the presence of jiavone or ftavonol pigments in tissues 
containing chlorophyll. Make a hot water extract of the leaves of any of the under- 
mentioned species. Make with it the same tests as in the previous experiment. 

The following plants may be used : Snowdrop {Oalantlms nivalis), Dock {Rumex 
ohtusifolius), Goutweed {Aegopodium Podagraria), Dandelion {Taraxacum officinale), 
Violet ( Viola odorata). Ribwort Plantain {Plantago lanceolata). Elder {Samhucus 
nigra). 

The most important fiavone pigments are apigenin, chrysin and 
luteolin. 

Apigenin has not yet been found to be widely distributed. Its 
formula is : 



It occurs in the Parsley {Carum Pebroselinum) (Perkin, 18) and in 
the flowers of the ivory-white variety of Snapdragon {Antirrhinum 
majus) (Wheldale and Bassett, 30). 


Expt. 97. Extraction of apiin, the glucoside of apigenin, from the Parsley (Carum 
Petroselinum). Take some Parsley leaves and boil in as little water as possible. 
Filter off the extract and make the following tests for apigenin : 

(a) Add alkali. A lemon yellow coloration is given. 

(h) Add basic lead acetate solution. A lemon yellow precipitate is formed. 

(c) Add ferric chloride solution. A brown colour is produced. 

{d) Add ferrous sulphate solution. A reddish-brown colour is produced. 


Apiin frequently separates out in a gelatinous condition from aqueous 
and dilute alcoholic solutions. 

Chrysin is a flavone occurring in the buds of various species of 
Poplar {Populus), It has the formula : 


HO 




<3 


OH 
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y/ Lnteolin does not appear to be widely distributed, though possibly 
it occurs in many plants in which it has not yet been demonstrated. Its 
formula is represented as : 



It occurs in the Dyers Weld or Wild Mignonette [Reseda luteola) 
(Perkin, 17), Dyer’s Greenweed or Broom [Oenista tinctoria) (Perkin, 
and in the yellow variety of flowers of the Snapdragon (Ayitirrhinum 
majus) (Wheldale and Bassett, 32). It has been much used as a yellow 
dye: hence the names of the first two plants (Perkin and Horsfall, 20). 

The most important jlavonol pigments are quercetin, kacrnpferol, 
myricetin and fisetin. 

Quercetin is apparently one of the most widely distributcul of the 
whole group of yellow pigments, and has the formula : 



It occurs, either free, or combined with various sugars (glucose, 
rhamnose) as glucosides, in many plants, as for instance the following: 
in the bark of species of Oak [Quevcns), in berries of species of Buck- 
thorn [Rhamnus), in flowers of Wallflower Ghdri), Hawthorn 

(Grataegios Oxyacantha) (Perkin and Hummel, 22), Pansy ( Viola tricolor) 
(Perkin, 19) and species of Narcissus : in leaves of Ling [Callurm mica) 
(Perkin, 23), and the outer scale leaves of Onion bulbs (Perkin and 
Hummel, 21). 

Expt. 98. Preparation of a gltxoside of quercetin frmn JSfarcmm flower a. The 
species of Narcissus which can be used are N. Tazetta, N- and any of 

the common yellow trumpet varieties. Pound about 50 flowers in a mortar and then 
extract in a flask with boiling alcohol. Filter off the alcoholic extract and ev&|K)rate 
to dryness ; then add a little water and ether and transfer the whole to a »e|«rating 
funnel. The ether takes up the plastid pigments, but at the plane of seimratioii of the 
liquids, theglucoside separates out as a crystalline deposit. This can Altered off' ; 
with a dilute solution in alcohol make the following tests : 

(a) Add a little alkali. The yellow colour is intensifled, but the intensiicatioii 
disappears on adding acid. 
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{h) Add a little lead acetate solution. An orange precipitate of the lead salt is 
formed. 

{c) Add a little ferric chloride solution. A green coloration is produced. 

(a) Heat some of the alcoholic solution on a water-bath, acidify with strong 
hydrochloric acid and add zinc dust. A magenta colour is produced (see p. 106). 

Eaipt. 99. Prep(.tration of crude quei'cetin from Onion skins (Perkin, 21). Take 
about 50 gms. of the brown outer skins of onions and boil with 900 c.c. of water for 
an hour. Then filter and allow the filtrate to stand for 24 hrs. A brownish -yellow 
deposit is formed which is crude quercetin. Filter this off and dissolve in 75% 
alcohol and allow to evaporate slowly. Quercetin will be deposited. With a solution 
in dilute alcohol make the same tests as in the last experiment. 

Expt. 100. Preparation of a qnerceiin glucoside from Wallflower (Cheitanthus 
OiQiioi) flowers (Perkin and Hummel, 22). Take 20 gms. of petals of flowers of either 
the brown or yellow variety and drop them into boiling alcohol in a flask. Filter and 
evaporate the extract to dryness on a w’ater-bath. Dissolve the residue in water and 
add ether. In the case of the yellow variety the yellow plastid pigments are taken 
up by the ether, and the quercetin glucoside partly crystallizes out from the water 
as in Expt. 98. In the case of the brown variety both quercetin glucoside and 
anthocyan pigment are present as well as plastid pigments. The two former go into 
solution in the water and the glucoside in time crystallizes out. In either case the 
glucoside can be filtered off and tested as in the previous experiment. A positive 
result will be given in each case. 


i/* Kaempferol occurs in the flowers of a species of Larkspur {Delphi- 
nium consolida) (Perkin and Wilkinson, 25) and Prumis (Perkin and 
Phipps, 24) and in the leaves or flowers of several other plants. It has 
the formula : 


HO 






V^co> 


OH 


HO 


Myricetin and fisetin are two other fiavones which have been found 
in species of Sumac {Rhus) and other plants. They have respectively 
the formulae : 





OH 


■^OH 


OH 




OH 


CO'^ 


Myrioetin 


Fisetin 
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The Anthocyan Pigments. 

These pigments are the substances to which practically all the blue, 
purple and red colours of flowers, fruits, leaves and stems are due 
{Wheldale, 3). They occur in solution in the cell-sap and are very 
widely distributed, it being the exception to find a plant in which they 
are not produced. As members of a group, they have similar properties, 
but differ somewhat among themselves, the relationships between them 
being much the same as those between the various flavone and flavonol 
pigments. They occur in solution in the cell-sap but occasionally they 
crystallize out in the cell. They are present in the plant in the form of 
glucosides, and in this condition they are known as anthocyanins ] as 
glucosides they are readily soluble in water and as a rule in alcohol 
[except blue Columbine {Aquilegia), Cornflower {Centaur ea Gy anus) and 
some others] but are insoluble in ether and chloroform. The glucosides 
are hydrolyzed by boiling with dilute acids, and the resulting products, 
which are non-glucosidal, are termed anthocy unidins (Willstatter and 
Everest, 35). The latter, in the form of chlorides, are insoluble in ether, 
but are generally soluble in water and alcohol. The anthocyanins can 
be distinguished from the anthocyanidins in solution by the addition of 
amyl alcohol after acidification with sulphuric acid. The anthocyanidins 
pass over into the amyl alcohol, the anthocyanins do not. The antho- 
cyanins and anthocyanidins themselves (with one exception) have not 
yet been crystallized, but of both classes crystalline derivatives with 
acids have been obtained (Willstatter and Everest, 35). 

In considering the reactions of anthocyan pigments the difference 
between those given by crude extracts and those of the. isolated and 
purified substances must be borne in mind. With acids the anthocyan 
pigments give a red colour: with alkalies they give, as a rule, a blue or 
violet colour when pure, but if flavone or flavonol pigments are present 
(as may be the case in a crude extract) they give a green colour, due to 
mixture of blue and yellow. In solution in neutral alcohol and water 
many anthocyan pigments lose colour, and this is said to be due to the 
conversion of the pigment into a colourless isomer which also gives a 
yellow colour with alkalies (Willstatter and Everest, 35) ; hence even a 
solution of a pure anthocyan pigment may give a green coloration with 
alkali due to mixture of blue and yellow. The isomerization can be 
prevented or lessened by addition of acids or of neutral salts which form 
protective addition compounds with the pigment. With lead acetate 
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anthocyan pigments give insoluble lead salts, blue if the pigment is 
pure, or green, as in the case of alkalies, if it is mixed with flavone or 
davonol pigments, or the colourless isomer. 

When anthocyan pigments are treated with nascent hydrogen, the 
colour disappears but returns again on exposure to air. It is not known 
what reaction takes place. 

Ex'pt. 101. The reactions of anthocyanins and anthocyanidins. Extract petals of 
the plants mentioned below with boiling alcohol in a flask. Note that the anthocyan 
colour may disappear in the alcoholic extract. Filter off some of the alcoholic extract 
and make the following tests {a) and (6) with it : 

(a) Add a little acid and note the bright red colour. 

(h) Add a little alkali and note the green colour. 

The decolorized petals, after filtering off the extract, should be warmed with a 
little water in an evaporating dish. The colour is brought back if pigment is still 
retained by them. 

Evaporate the remainder of the alcoholic extract to dryness and note that the 
anthocyan colour returns. Dissolve the residue in water and continue the following 
tests, taking a little of the solution in each case : 

(c) Add ether and shake. The anthocyan pigment is not soluble in ether. 

(o?) Add acid. A bright red colour is produced. 

(e) Add alkali. A bluish-green or green colour is produced which may pass to 
yellow. 

(/) Add basic or normal lead acetate solution. A bluish-green or green precipitate 
is produced. 

{g) Add a little sulphuric acid and then amyl alcohol and shake : the latter does 
not take up any of the red colour, indicating that the pigment is in the anthocyanin 
(glucosidal) state. 

(A) Heat a little of the solution on a water-bath with dilute sulphuric acid and 
then cool and add amyl alcohol. The colour will pass into the amyl alcohol, indicating 
that the pigment is now in the anthocyanidin (non-glucosidal) state. 

(i) Acidify a little of the solution with hydrochloric acid and add small quantities 
of zinc dust. The colour disappears. Filter off the solution and note that the colour 
rapidly returns again. 

For the above reactions it is suggested that the following flowers be used as 
material: magente Snapdragon brown Wallflower 

Cheiri\ crimson Paeony {Paeonia officinalis), magenta “ Cabbage ” Rose, Violet 
( Viola odorata), but the majority of coloured flowers will serve equally well. 

Though the above represent the reactions and sohibilities given by 
the greater number of 'anthocyan pigments, it will be found that all are 
not alike in these respects. 

Expt 102. Demonstration that anthocyanins may he insoluble in alcohol hut soluble 
in water. Extract petals of any of the species mentioned below with boiling alcohol 
and note that they do not lose their colour. It will be found that the pigments are 
either completely or largely insoluble in alcohol, but are soluble in water. Test the 
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water extract as in Expt. 101 (D)-(i). Also tjike e((ual quantities of wat<u- extract 
in two evaporating dishes. To one add sodium chloridis. Note (as m(‘ntion(*d above, 
see p. 98) that the colour fades less rapidly from the extract contain t!i(^ salt. Tlie 
flowers of the following species can be used : blue Larkspur {I)dphlnuint)^ (Jondiovver 
{Centaiirea Ojjanus), blue (Columbine 

Them is a small group of plants belonging to some allied natural 
orders, of which the anthocyan pigiuents giv(‘ chemical reaedrions still 
more ditierent from thi^ general type aln^ady desiudbed, though tiny 
nevertheless rescmible each other. Such, for instanc(% an* the {HguKUits 
of various genera of th(‘ ( UKuiopodiaciuie [lkutt(Het(f ), Orache (A trijde.v)], 
Arnarantaceae (Afnardtit/ncs and other genera), Phytolaccacc‘a(i {Phyto- 
lacca) and Portulacaceaii {Portulaca), Tht‘S(‘ anthocyan pignH‘nt8 are 
insoluble in alcohol but soluble in water: they give a violet colour with 
acids, red to yellow with alkalies, and a red prcKUpitati* with liasic l<‘a<l 
acetate. 

Kvpt. 103. Reaetiom of the Beet^root (Ikita vulgaris) /df/ment. ''fake some BiHd> 
root leaves, t(‘,ar them into small pieces and put them into ahwdmL Allow tiui leaves 
to stand for some time and note, that the chlorophyll is extrac.ted but the rcAl |>igment 
is insoluble, ddien pour off tlie alcohol and add watc^r : the! red pignient goes into 
solution. Filter off the solution and make the folhiwing tests : 

(a) Add acid. The pigment turns violent. 

(h) Add alkali. The pigment iKicomeH rodder and finally turns yellow. 

(c) Add basic lead acetate. A red precipitiite is formed. 

(d) Acidify with hydrochloric acid and jwld zinc dust. TtifHfolonr iiimpjw'iirs, but 
on filtering off from the zinc it does not return again. 

Anthocyan pigments may also occur in lejives, and this is vi-ry ol wiotiH 
in red-leaved varieties of various speedes such as the Cop|>i^r Beech, the 
Red-leaved Hjizel, etc. 

Expt 104. Extraction of anthimif an pigtnent from the iimidmitml Hazd. ExtWMd* 
some leaves of the Blood Hazel {Corylm A vellana var. rubra) %vith iilcolad. Filter off 
and evaporate the solution to dryn^. Add water. Pour a little of the crude iniiture 
in the dish into a test-tulie and add ether. There will te a separation a gr«fti 
ethereal layer oonteining chlorophyll, and a lower water layer ct>ntaiiung aritlicKya!i 
pigment. Filter the extract remaining in the dish and with th# filtrate riiakti the 
tests already given in Expt. 101 (e)-(i). 

The leaves of the Copjjer Beech {Faym eyhatiem var. purpvrm) mn also l>© iiseiJ. 

In many flowers, the cells of the corolla may contain yellow pliisfcid 
(see p. 2Q) in addition to anthocyan pigments. The colour of th© pitab 
is in these c^s the result of the combination of the^two, and is usually 
some shade of brown, crimson or orange-red, as in the brown-flowered 
variety of Wallflower {Ohetrantims Chmri). 
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Kx/d, I Of). Demomtrfition. of the prfHcnrr tf unthoc.yaii and plantid pajnaniU 
.Unjidhxr in pftah {me.aho Plxpt. KM)). Exti‘a<’.t |HttalKof tlu? browii-flovvdrcMl variedly of 
W/dlfi(>w<T with ahiohol. Kilter, aiul t*.vaj>orafc<» tlio extract to (irytumn. Take up 
with waU^r auil add cthiT. Pour tiie tnixtun^ into a Hcparatirig futiucl. Tiie idantid 
pigUMjut will pans into .solution in the ether, aixl tlie anthocyan pignuuit will renaun 
in the water. Tent th<‘ aifUuouH .solution as in Kxpt. IKl in) (•/). 

The following may In? UHiid as material : ray floretn of broriizi^ or eriiuHon CkryB^^ 
mithemum, ray florets i »f (huflardlapmd < irange-red flowors < >f Nasturtium ( Tropamdutn 
niajun). 


AnthoeyninnH aiid anthocyanidiim have Ixuui iHoIatfxl from varioun 
BpecicH. Tlu‘. pigiiienis thiunwtlvt*H with one exception havt^ not been 
obiaiiHul in the cryntaJline. Htat(‘, but eryntallirn? cornpound.H with acidw 
have hmm ]>n»pared both of the gltumsidal and noii-glucoHidal fonna 
All the pignnuits ho far dctHcribcxl appear to be derivcxl from three; 
fundamental coinp<)undH, pelargonidin, cyani<lin and (hdphinidin, of 
which the chloridcH are n;prf;.sc;nted thun: 


Cl 



HOf 


Cl 

. 0 , 




OH 8 


\v' ■ 

OH 


(Jyaniditj eltlorido 





Cl 



l adphinidiu ahlorido 


It hiis been fiiiggestcid, at li^aat in the cane of cyanidirb fcho pigment 
of the Cornflower (Genkiursii Ot/anm), tliat the pigtrumt itself is a neutral 
siibstence, purple in colour and of the following structure (Willstlitkir, 
30 ): 
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Further, that the hluo pigmiuit (>f the Howor is thc‘ putassiiuii salt 
of the purple, and the red acid salt, cyanidin (‘hleridc*, (lepictc*cl above, is 
a so-called oxoniuin compound of the purple. 

Pelargonidin, moreover, has been prepan‘d synth(‘tieally "(Wi!lstiit>tor 
and Zechmeister, 45). 

The above three pigments, either as glucosicles or in tin* form <»f 
methylated derivatives, are found in a numb(‘r of plants wliitdi are listod 
below (Willstatter, etc., :h‘I-46). The sugar residues or im^thyl groups 
may, of course, occupy different positions, thus giving rise to isomers: 


CJallistephin 

■Pekrgonin 


Asterin 

Chrysauthemiu 

Haein 

(Jyanin 


Mokocyaiiin 

Keracyanin 

Peonin 


Violanin 

Delphinin 

Ampelojwin 

Myrtillin 

Althaein 

Petunia 

Malvin 

Oenin 


IVdargonidia. 


Pd. 


Monoglucoside of pclargcaiidia Flowers of Aster 

Diglucoside! of pcdargtiaidin Flowers of Searlot (leratdam {J*€htnjmiiivni 

zotialc)^ innk var. t»f < ^ondlower (f 
i and et‘rtain vars. of Dahlia {D, 

j mriahllin) 


(lyaiiidim 



It 


Monoglucoside of cyanidin 
Monoglucosido of cyanidin 
Monogalaotosidc of cyanidin 
Diglucoside of cyanidin 


Diglncosidc of cyanidin 
Rhamnoghiccmide of cyanidin 
Diglucoside of monidin (cyanidin 
monoethyl other) 


F1ow(Ts of AKte,r iiUdlmU^phm vhitifjmi) 
Flowers of (llirysanthemum (T. imilmm) 
Fruit of DranlH»rry ( Vmrinmm Vitin-Idma) 
Flowers of <Jornih»wer (deniuHrm- V^*mu$\ 
Rom gtiUmi and i*erteiti varn. of * Dahlia 
ij). mriithilm) 

Flowers of Poppy iikfmm) 

Fruit of Chorry (PmmtM 
Flowers (jf Pmumy {Pmtmin 


Delphinidin. 


Rhamnoglucosida of delphinidin 
Diglucoside of delphiindin -f 
^/-hydroxybensjoic acid 
Monoglncoside of arnj>6lo|)sidin 
(delphinidin monometbyl ether) 
Mcmogalactoside of myrtillidin 
(delphinidin monometbyl ether) 
Monoglucoside of myrtillidin 

Diglucoside of jsstunidin (delphi- 
nidin monometbyl ether) 
Diglucoside of malvidin (delphi- 
nidin dimethyl etlier) 
MorK^ucosIdeof oenidin (delphi- 
nidin dimethyl ether) 


Flowers «>f Pansy ( VMm iriador) . 

Fhmtm of fjarkspur (IMpMnmm. eonmdMa) 

Fruit of Viii^iriian 0«s|»r qmn- 

qmjdia) 

Fruit of Billierry ( Vmmfdmm MpriMm) 

P’loweri of deep purple var. of Hollyhock 
(Altham mmM) 

Flowera of Petunia (F. vmkmm) 

Flowers of Mallow {Mulwa splw^Mfu) 

Fruit of Umim { VMis mii/mi) 
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Of th<‘ inctbylatcd compounds, inyrtiillidin and oenidin may be re- 
preHent(‘d thus: 


HO 


Cl 






OCH;, 


Myrtiilidiu 



Kj'pt. HH). PrrfHtrtttlufi and rnantionH af /mlarf/onin cldoridn. Extract the flawerH 
froiii two or thnn* lar^i^e I>(»,sh<‘h th<i Hcarktt Ocranium (Pehmjotdimi zonak) in n, 
tiask with hot aioohol. Ki!te*r of)' arid coruunitratB on a watcr-h/itli. Then |Kair th<i 
hot crruiwntrah'd soluthni into about half itn volume of strong hydrochlorici acid. On 
cooling, a crystaliinc priM-ipitato of pcdargoiiin chloride .s{^|>arat(iH out. Examine under 
th«*. iidcro.Hcope ami not<^ that it- (jouMintH of Hh(jav<j.s and rowittes of nc(HlloH. Kilter 
off tluj crystals, take up in wate.r and make tlui followirig experinumtH with th(i 
solution : 

(a) Add alkali. A d(*<q> hlue-violcjt colour is produced. 

Hi) Takf^ tw<» equal quautiticH of solutic»u in two evaporating dishcH. To one mid 
1U4 (pii<;kiy liM iMiHHihhi sonte solid sodium chlorhh^. The colour iu the wolutiou without 
salt will rapiiily fmie owing U> the formation of the colourless iHornor in neutral 
solution : this change In piYH’ent^rl to a (ronmderablo extent in the solution containing 
salt owing to the foriniitioti of an fwldition comtMumd of the pela:^goniu with the 
wHiium chloride wbi^di preventn iHomeriy.atioii (w^e p. 98). To tK)rtionH of the water 
iM»lution (without siKiiiim chloride) which has lost its colour add respectively lujid 
and alkali. The reii colour rctuniH w'ith acid owing to the formation of the red acid 
oxoniuMi salt : with alkali a grtsenish -yellow colour will Im produced due to the 
formation <»f the salt of the colourless isomer. If alkali is mlded to the portion of the 
pigment solution eontidniiig tins Modium cldoride, it will Im found that it still gives 
li violet colour. 

(c) Add sulphuric ladd and amyl alcohol. The alcohol does not take iq» the 
colour. Atid amyl nlcohol after acitiiiying another |>ortion of the solution with 
suI|.»hurio acid and hemting on a waterdmth. The alcohol now abstracts some of the 
colour. This shows tiiiit. the glucoside |:Hikrgoriin exists in the first case, hut is 
dt,!Com|K>mid into fcliii timi-glucosidal isdargotildin after lumting with itcid, 

(<l) Acidify with liydrmdihu’ic mftd and iwid rdne dust: the colour disaiipaam and 
returiiM again after 

Espt 107, Prnpumikm of tJm wMic acid mlt of /miurgonifL Make an alcoholic 
extract of |aftal« as in Expt. 100. Evaporate down and |K>ur Into glitoiid acetic imid 
instead of hydrrwhloric acid. The cjrystak of the salt formed are smaller and more 
imr|ik III colour tlmii thewe of the clilorida 

Mspt 108. FmpamUfm €m^ rmicimm ^femdk pmmin ckhrkk. Extract the petals 
of one or two fiowers of the Criiiisoii Pai^my {Pasmirn offidnmlii) with 95-08% 
alcfohoL Filter arid ©mporate nwly to dryn^s. Than add mm% methyl alcohol and 
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pour into a little strong hydrochloric acid. Then add ether to the mixture in a 
separating funnel. A crude precipitate of peonin chloride will separate out after a 
time, which may be more or less crystalline. Filter off this precipitate, take up in 
water and make the following experiments : 

(a) Take two equal quantities of the solution in two evaporating dishes. To one 
add solid sodium chloride as in Exj^t. 106 (6). Then neutralize both portions carefully 
with very dilute sodium carbonate solution until the colour changes slightly to 
purple. The colour will fade more rapidly in the solution without sodium chloride 
on account of the formation of a colourless isomer, as in the case of pelargonin 
chloride. The water solution after standing will give a green colour with alkali owing 
to admixture with the yellow salt of the isomer. 

(b) Add alkali. A deep blue colour is produced. A crude extract of the fresh 
petals made as in Expt. 101 will give a green or bluish-green colour with alkali owing 
to the presence of the accompanying flavone. 

(c) Add amyl alcohol and sulphuric acid. No colour is taken up by alcohol. The 
pigment is present as the glucoside x^eonin. Boil another portion with sulphuric 
acid and add amyl alcohol. The pigment is x^artly hydrolyzed and the peonidin goes 
into solution in the alcohol. 

(d) Reduce another portion with zinc dust and hydrochloric acid: The colour 
returns after filtering. 

In considering the anthocyan pigments, the question now arises — 
What is the chemical significance of the various shades in the living , 
plant ? Apparently the same pigment may he present in two flowers 
of totally different colours, as in the blue Cornflower and the magenta 
Rosa gallica. It has been suggested that in such cases the pigment is 
modified by other substances present in the cell-sap : thus it may he 
present in one flower as a potassium salt, in another as an oxonium salt 
of an organic acid, and in a third in the unaltered condition. But exactly 
how these conditions are brought about is not clear. In one or two 
cases, moreover, where there is a red or pink variety of a blue or purple 
flower, the variety, when examined, has been found to contain a different 
pigment and one less highly oxidized than that in the species itself. 
The above phenomena are exemplified in the Cornflower {Centaur ea 
Gy anus). The flowers of the blue type contain the potassium salt off 
cyanin, the purple variety, cyanin itself, while those of the pink variety | 
contain pelargonin. 

yhe mode of origin of anthocyan pigments in the plant is as yet 
obscure. It has been suggested (Wheldale, 29) that they have an 
intimate connexion with the flavone and flavonol pigments, which can 
be seen at once by comparing the structural formula of q[uercetin with 
that suggested for cyanidin : 
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All thi\ anth(K:yan pignieiiis ho far inolated, however, have been 
found to contain tlu^ flavonol, and not th(; flavonc, nucIeuH. 

JuBt UH in the case of the; Havonc and Havoriol j)igraentH, Home of 
the anthoeyan pigmentn are while othens, on the contrary, are 

common trj vari(m.s genera and HpecicH. Also imu'e than one anthoeyan 
pigtnemt may he prenent in the nanuj plant. 

It will he j>oint{»d out lat<a* that Binall amountn <d‘ a HuhBtarice iden- 
tical with cyanidin nm naifl to l)e formed by roduetion of quercetin with 
nascfuit hydrt^geri, l>ut thin doc‘H not nceccssnarily prove that the formation 
of anth(K*yan pigmetntB in plant taluks place on the Harne lirujB. If 
we coinparc* th<^ formulat; for a nutnber of anthoeyan with fiavone and 
fiavomd {ligmmitH, it in necui that they may be reHpectiv(dy arranged in 
a mmnH, (^ach rmmiher of whicli fliften^ from thi^ next l)y the addition of 
an atom of oxygen : 

Luteolin, kaetnpfitro! and fisetin CisHioOg Pelargonidin CisHioO^ 

Q u itrci 1 1 i n Ci J I j*,( >7 Cyan id i n H joG,} 

M y riccdl n CiJ 1 1/ )n I >el j )h in idi n Oib H J0O7 

''riie relatiiUiBhip betwi^m t}a*He two claBHen of HubHtancea iri the 
plant can only be iiHcertained by dif4(jove*ring which flavone, iflavonol and 
antliocyan pigmente are presmit togt!ther, and then to determine whether 
the relationship i« one* of oxidation or reduction, a problem which han 
not yet received ailecpiah* attc.mtion (Everest, 6). 

A reaction which is of inten:!st in connexion with the relationnhip 
between the above two claaseB of pigments is that which takes place 
when solutions td’ some flavone or flavonol pigments are treated with 
nascent hydrogem If an imid alcoholic solution of quercetin is treated 
with j^inc dust, magnesium ribbon or soditnn amalgam, a brilliant magenta 
or crimm:>n solution is produced, and this solution gives a green colour 
with alkalies (Cornbeg, 5). The red substance thus produced hi.is been 
termed ** artificial aiithocyaiiiii ” or allocyanidim The pwxluct is not a 


AROMATIC COMPOUNDS AND 


106 


[CH. 


true anthocyan pigment but has, it is suggested, an open formation 
(Willstatter, 36); 





PH 


OH 


OH H 


C—OH 


It is said, however, to contain small quantities of a substance iden- 
tical with natural cyanidin from the Cornflower (Willstatter, 36). The 
fact that small quantities of a natural anthocyan pigment can be obtained 
artificially from a hydroxyflavonol by reduction does not necessarily imply 
that one class is derived from the other in the living plant. 

From the above reaction of quercetin the result follows that when 
many plant extracts [most plants (see p. 94) contain flavone or flavonol 
pigments] are treated with nascent hydrogen, artificial anthocyan pig- 
ment is produced. Moreover, it seems probable that if the yellow 
pigments acted upon are in the glucosidal state, and if the reduction 
takes place in the cold, allocyanin (the glucoside of allocyanidin) is 
formed and the product is not extracted from solution by amyl alcohol. 
But if the flavone is non-glucosidal, or if the solution is boiled before or 
after reduction, then allocyanidin (non-glucosidal) is formed and is 
extracted by amyl alcohol. 

Exp. 109. Formation of allocyanidin from quercetin. Make an alcoholic solution 
of a little of the glucoside of quercetin prepared from either Narcissus or Oh&iranthus 
(see Expts. 98 and 100). Acidify with a little strong hydrochloric acid and heat on a 
water-bath. Add a little zinc dust from time to time. A brilliant magenta colour 
due to allocyanidin is produced. To a little of this solution add some alkali : a green 
colour is produced. If the alcohol and hydrochloric acid are evaporated off, and a 
little water and sulphuric acid added, on shaking up with amyl alcohol, all the 
allocyanidin passes into the amyl alcohol. (The distribution of the allocyanidin in 
the amyl alcohol is greater with aqueous sulphuric acid than with aqueous hydro- 
chloric acid.) 

Exp. 110. Formation of allocyanin from quercetin. Make a suspension of the 
glucoside of quercetin from Chdranthus or Narcissus (see Expts. 98 and 100) in about 
sulphuric acid, and then add zinc dust (or a drop of mercury about the size of a pea 
and a little magnesium powder) in the cold. The red or magenta colour is gradually 
developed. Divide the coloured solution into two parts in two test-tubes. Boil one 
for 5-10 minutes. Then add amyl alcohol to each. In the unboiled test-tube the 
amyl alcohol extracts no colour, since allocyanin is present. In the boiled test-tube 
allocyanidin is taken up by the amyl alcohol as in Expt. 109. 
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Erpt. Ill, (>/ (tflot'ifntnn wad (dl<i<\tfaMuliii friiai pit eMractn. this 

|>urpo.s(» tlif^ yi'liow Viirieiics “ Friiiiroso.” or ‘‘‘(■loth of (iohi” of tlio WHllllowc.r 
{(JhelranthHH C/n'irl) r,aii h<^ usod. Tho flovvorK an^ pounded in a mortar, extra, ct(‘(l 
with e(»hl wat»*r, the water (‘X tract aeiditicd with Hiilpliuric acid, and zinc diint (or 
mercury a,nd mai^tie.siuiii |H»w<ier as above) achh^d. A retl colm-ation is slowly 
(level(*|>ed. To some of the red solution add amyl alcohol. Tlie colour is not 
ahstraetcd (alloeyainin > hoi! another jxu’tion. 'Plie allot^yanin is thus converted into 
aIhH*yanidin whii-h is then taken upon mlditirni of amyl alcohol. 


The OxiDiEiNd Kmzymes. 

TIktc* in n cerinin group of <‘nzyirH*H of which wn* have most infornm- 
tion in thc*ir eonimxicm with aromatic HulnstanctJH. Thonr* nn‘. the oxi- 
dizing enzymes. 

The presfUKut of studi enzymes in plants was long ago assoeiatisl with 
the following plicuioiaena. If the expr(‘HH(‘(l juic(\s, or water extracts of 
the tissues, of sorne platits are added to a solution of guaiacum gum, in 
th(t prcHfaicc? r>f air, a cleep blue cohair is ol)tained in a, short time. On 
the oth«*r hand, ctxpresHcai juices, or water (‘Xtracts, of other plants adflfnl 
to guaiacum scdiition pnaliau* no hlm^ colour. On mldition, howcvcu*, of 
a few drops cd’ hydrogen peroxid<% in the latter case, th(‘ blm‘ colour 
rapidly <Ievxdops. Idants an* wiid to contain an oxid^iBci when the extracts 
give thf? blue colour with guaiiwmm tincture alom*. ' Thosf;, of which the. 
(ixtriicte only bring about blueing on laldition of hydrogen peroxides, an^ 
said to cxHiiiiin a pen>xi(bi«tJ {(Jhixiat, 1). 

Expt, i I£. Dmnmmtfittimi- of tfm pmmmim of on oxMumk Take a portion of a fresh 
Potato tiilxjr anti iMninti well In a riairtar with a little water. Filter, and to thti 
0Xiriw;t, in a whik* tmqmmting dish, add a few drops of 1 % guaiactun solution in 
alcolml The gindtunini tirieture will lie ftnnid to give a blue colour at once with the 
fKiteto extimt. 

A contml tute Mlmiikl 1st preimrcHi hy tmU Isnlitig Motne of tlie water extnw^t of 
the tuber, c<M.:iling and then adding guaiacum. No colour is prtHiueed, owing to the 
fM?t that the iinzyrne hm Immui diMtroytx! by lK>iling. Other tissues which, may l:>a 
used to demoiistrate the alawe reactions are : rot)t of bcjct and fruits of ap|)ki, 
find plum, 

C.limiiw^ttm gi.mi is obtfiincKl frtun two West Indian s|xku(» of ■Guaiiwsutti trees, 

ojutinaia and G. mmeXum^ |»art!y m ii natural exudation and partly by numns of 
indsionii. It glvm a yellow wdutioii with alcohol which contains gimiacotnc acid, 
and thff latter, on oiidafcimi, yields guaiacum blue. A» far m tKisaibla, inner potations 
of the rwin should usimI, aw the resin oxidise in air, and then may give 

unreliable rwitlto It Is best ki iniika the tincture freshly kifcms use, and, m a 
pKw&ution, to kdl it. on a wator-kith with a little animal charcoal and flitor. 
Gtiaiaeuin giini tends to form peroxiil#i on exixieur© to air, and these are renioved by 
the akive timtittiiiit. 


108 


AROMATIC COMPOUNDS AND 


[CH. 

113. Bemomtratio'n of the i^nmnee if a peroxldme. Repeat the ahov'e 
experiment, u.sing Hcalea from an Onion bulb. Add afnv dropB of hytlrogen peroxide 
.solution. Green pea tissue may also be used. No blue colour is produced until after 
the addition of hydrogen peroxide. 

If a syaternatic examination is made of geruu’a from various natural 
orders with the guaiacum teat, it will b(^ found that thci oxidase redaction 
is shown by all, or nearly all, genera of some orders, for instances most Um- 
belliferae, Labiatae, Boragiriaceae and many (vompositae. In otluir orders, 
i.e. Cruciferae and Orassnlaccae, the peroxidase reaction is predominant. 

Moreover, the oxidase-containing genera show another plienoimmon, 
as follows. If the tissue extracts are left in air, they Ix^conu* dark- 
coloured, generally brown or reddish-brown. If the phinis themsidves 
are bruised or injured, they turn brown. The. same (!ffec‘,t may Ih‘ pro- 
duced very rapidly hy the action of chloroform vapour. T}u‘se pheummena, 
the darkening of extracts and the discolomtion, both on injury and in 
chloroform, will be found to b(* abs<‘nt fnmi |)iantH giving the {w^n^xidase 
reaction only. 

Expt. 114. To nhow the dutrilnUlon if oxidau.n and primdiunn m varlirm 
and the correlation hetween the primenvc of oMilam and bromdnij on injnri/ or in 
chloroform mpour. Take a Helecti(»u of the phiutH given anti in each ciy4egniKi 

up a portion of the plant in a mortir with a little water and I livitki the 

hltrato into twt> parts in Hinall porcelain dishes. All{»w t)iie part U* stand in air, and 
note the darkening in colour in castis wliere an oxidase is present. To the otlujr iwld 
a few drops of guaitmum. To extracts containing a |Hm>xidn.He aiily, after fi 10 
minutes, add in addition a ft^w tlrops of liydrtigen |M*roxide. Furtlter, small pieetm 
of the plants to he testt^d should 1 ki placed in a corkcnl flask containing a ftiw tlropH 
of chloroform, and the developmtnit of browning noted in the eiwi? of |iiant« contain- 
ing an oxidase. For demonstration of oxidastis the following plants may umMl : 
(Christmas Ros(} {Hdlehorim niger\ Damhdion {TtmtJMimmoJkimde), Fojgfit»nnMiot 
{MgoHOtis^ Hawthorn {Crataegm) and White Dead Nettle (Lamium idbum), Ff»r 
|K3roxidaBeH : Arabu^ Auhrietia^ Buttercup (Ilanmmdm acrh% Pea {Pmmi mUimm% 
Stock (Mattkiola), Wallflower (C/wiranthm Ohmri) and Violet ( Vwla). 

Various hypotheses have been Huggestc*d in t^xplanstion of the re- 
actions of oxidizing enzymes. The ont^ most genemlly aceeptiMl (C Jlimlat, 
1) is that the oxidim* consists of two compcaients, a peroxich* and a 
peroxidase. The peroxide may bo either hydnigcui |K»roxid4» or some 
organic peroxide. The pciroxidase acts upon the |K^roxide, ^itjpriving it 
of an atom of oxygen which is transferred, in an ** active'' eoiitliti^ab to 
some substance (acceptor) which becomes oxidized, (iiiaiacum is thi* 
acceptor in the above experimente. The reaction may be approximately 
expreased thus : 

SAO-f OgwsSAO* (fxiroiidc). 

AOg 4- poroxidi»e — AO + O. 
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The above conception would represent a system which is capable of 
absorbing molecular oxygen and of transforming it into active oxygen. 
In this way substances can be oxidized which would not be affected 
by molecular oxygen to any extent. 

Accordingly, on the basis of the above hypothesis, it is assumed that- 
an organic compound which can act as a peroxide is present in the 
expressed plant juices or extracts which give the oxidase reaction. When 
this organic peroxide is absent, hydrogen peroxide must be added to 
complete the oxidase system. 

The above definition of oxidases and peroxidases is based upon their 
behaviour towards guaiacurn. There are, however, a number of other 
oxidizable substances, such as a~naphthol, benzidine, ^-f)henylenediamine,. 
pyrogallol, etc. : 


IN n.2 

/V\ 



OH NH^ 

a-Naphthol Bensiidine ;p-Phenylenediamine 

which are only oxidized by oxidases with the assistance of hydrogen 
peroxide, the oxidase system being insufficient ; they are also of course 
oxidized by the hydrogen-peroxide-peroxidase system. Such substances 
(in the presence of hydrogen peroxide) are used as tests for oxidizing 
enzymes. 

Exft. 115. Additional tests for oxidizing enzymes. To a few c.c. of an extract of 
Potato tuber (Expt. 112) in a small evaporating dish, add a few drops of the following 
reagents, and subsequently a few drops of hydrogen peroxide : 

(а) A 1 % solution of a-naphthol in 50 ^/o alcohol. A lilac colour is developed. 

(б) A 1 ^Vo solution of benzidine in 50 % alcohol. A blue colour is developed. 

(c) A 1 ^Vo solution of ^-phenylenediamine hydrochloride in water. A greenish 
colour is developed. 

The peroxidases, like other enzymes, can be extracted either with 
water or dilute alcohol and precipitated from solution by strong alcohol. 

116. Preparation of peroxidase from Horse-radish (Cochlearia) Mince 

up the Horse-radish roots in a mincing m^hine. The product is allowed to stand for 
24 hrs. to enable the glucoside, potassium myronate^ to be hydrolyzed by the enzyme, 
myrosin. Then extract with 80 % alcohol. The alcohol is decanted off, and the 
residue pressed free from alcohol in a press. The residue is next extracted with 40 % 
alcohol for 48 hrs., filtered and precipitated with 90 Vo alcohol. The precipitate, 
which contains the peroxidase, is filtered off. Dissolve up in water and make the= 
test for peroxidases (Expt. 113). 
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The oxidation of pyrogallol, in the presence of a peroxidase and 
hydrogen peroxide, has been used as a method for estimating the activity 
of these enzymes. Solutions of known strength of pyrogallol and hydro- 
gen peroxide are used, and to the mixture a solution of a known weight 
of prepared peroxidase is added. An oxidation product, termed purpuro- 
gallin, is formed. After a definite time, the reaction is stopped by 
adding acid, and the purpurogallin extracted by ether. The ether 
extract is colorimetrically compared with an extract containing a known 
amount of purpurogallin (Willstatter and Stoll, 47). 

Expi. 117. Outline of method for estimating feTOxidaBe hy formation of pur puw- 
gallin. Make a solution of 0*5 gm. of pyrogallol in 200 c.c. of distilled water, and 
add to it 1 c.c. of 5 7o hydrogen peroxide. Then add about 5 c.c. of a solution of 
Horse-radish peroxidase from Expt. 116. After 5 minutes add to half the mixture 
25 c.c. of dilute sulphuric acid and extract the purpurogallin with ether in a 
separating funnel. The purpurogallin will be extracted by the ether, giving a yellow 
solution. Allow the other half of the mixture to stand. The colour will deepen, and 
a reddish deposit of purpurogallin will be precipitated. Examine a little of the 
deposit under the microscope. It will be found to consist of sheaves of crystals. 

A solution of peroxidase from Alyssum leaves [Expt. 119 (6)] can also be used. 

It has recently been shown (Wheldale Onslow, 11) that the per- 
oxidase element (Expt. 118) of certain oxidases (fruit of Pear, tuber of 
Potato) can directly oxidize the phenol catechol (see p. 88), as well 
as other substances containing the catechol grouping, that is two 
hydroxyl groups in the ortho position, e.g. protocatechuic acid and caffeic 
acid : 

COOH CH=CH*COOH 


A 

A 

A 


KJoh 

\yoH 

OH 

OH 

OH 

Catechol 

Protocatechuic acid 

Caffeic acid 


A brown colour is produced, giving rise to some oxidation product 
which will then act as a peroxide, the peroxidase being present, to form 
the system (oxidase) which will blue guaiacum. 

It appears probable that the above phenomenon, as illustrated in 
the Pear and Potato, affords an explanation of the reaction of the oxidiz- 
ing enzymes of all plants which give the oxidase reaction and turn brown 
on injury. For such plants usually contain an aromatic substance 
with the catechol grouping. On the death of the cell (which may be 
brought about, either by injury, or treatment with chloroform vapour, 
i.e. on autolysis, see p. 19) this aromatic substance is oxidized by the 
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peroxi(lMS(i with tht* foriantion of a brown colour (l)rowiung on iryury) 
and an oxidation product whicli tluui actw as an organic peroxide (as 
|>ostulated al)ov(‘) in the oxidas(‘ synkiin. 

Further, the peroxidases, of plants which give the oxidase rea(5tion 
and brown on injury, appt*ar t(» b(^ sp(‘cific in their action on tht‘. 
catechol grouping and will not oxidizes other {)henolic groupings, i.e. 
thoHc^ of resorcinol, hy(lr<K|uinone, |)yrogallol, c'tc. 

In |)lantH (i‘.g, Ali/Hfium) wliich oidy give the peroxidase reaction and 
do not brown on injury, the ahovaMuentioned arotnatic. coinpounds an* 
not pn'sent, nor do tht* pcu’oxiclases <d‘such plants act on catechol. 

It should, howiwer, 1 h‘ home in mind that in some plants the corn- 
poiumtH of the oxi<lasc,‘ system may lx* pr(‘S(‘nt, but tluj reaction is masked 
by the |>n’Hc*nc<t of an f*xe(*HH <»f tannin, sugars, etc. 

Hence^ it aj)pc*ara that the oxidiist^ reacition of plants (as d(‘tect(xl by 
guaiacuni) is tlu* <mic(ane of jKwt-inortem changes after the death of 
the cell It is |K)Hsihle, howevfu*, tliat thci proceBses giving risti to it 
may take placu* n^sotint i*xtt*nt, tlnmgh unde.r control, in the living cell. 

It has also be(*n shown that iii the Pear fruit and Potato tuber 
(Whiddale Onslow', 11) it is possiblcj by chemical methods to scvparatci 
the elements which go h> make up the oxidase) system, i.e. the peroxidase 
and the aromatic sulmtance. If the tissues are ground np ra|)idly with 
alcohol, ami filtered before oxidation can take place, and the process 
re{Kmted, the aromatic substance, which is soluble in alcohol, is washed 
away, and a water extnwjfc of the re8i<lne gives only a peroxichjtsc) reaction* 
From the aIcohf>lic extnmfc the aromatic siibstonce can be |)recipi toted 
as a leml salt, tlie then removed as insoluble lead sulphate, and the 
aromatic set free* again in solution. If the |>eroxi(hme is then mldad to 
the solution of the aromatic, the brown colour appears together with the 
formation of the oxidation product (peroxide), and the mixture will give 
the blue reaction of an oxidase with guaiacum. 

EspL I IS. ilmdiuimi (f i/m ejmtpmmtM tf t/m in t/m Ptdato tubw. (.A) 

H^ptmutum of pmt^ukme. Out a few tliln sli<:?cs from a |>oaloci potofco and put tficm 
in s iiiorter which (Tontiiins sufllcitirit 90 % alcohol to prevent, m far m |K>siilhlc, 
ex|;K«ure to the air, arid |Kmnd tlicirn tlioroughly. Filter cpibkly on a ftltar»|>ump, 
and r©|imt ttici several tiriies tintil a oolourl^ irowdar, oonaistirig of celh 

rinidiiiM, starch, etc. i» obtaincri,. The otiiymm (Including the |)eroxidaiie) of the cells 
are prticipitftt«i bj tli© nicoliol and remain in the cell-residue. Make a water extract 
of the white |»wder and ftlfeer. To a jrortlon of the filtrate add a few dro|w of 
guiikcum tincture : m Wito wlotir is given. Add further a few drop of dilute 
lijdrc^eii 'proild# : a blite colour apimin. (B) of t/is armmth 

Take ahoul SW giim of fr«ihly p«l#d imtate tuber, out it Intf^ thfrr slieni find drop 
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them as rapidly as possible into a flask containing 250 c.c. of boiling 96 f>/o alcohol 
on a water-bath. Continue boiling for 15 mins., and then filter. Evaporate off the 
alcohol from the filtrate, take up the residue in a little water, warm and filter. To 
the filtrate add concentrated lead acetate solution until a precipitate ceases to be 
formed. Filter oft‘ the precipitate, which is pale yellow in colour, stir up in a little 
water and add 10 7o sulphuric acid drop by drop until the yellow colour is destroyed, 
and the lead is converted into lead sulphate. Filter off the lead sulphate : the filtrate 
contains the aromatic substance in solution, l^eutralize the solution carefully with 
1 7o caustic soda and make the following tests with separate portions in small 
evaporating dishes : 

(a) Add a drop of ferric chloride solution : a deep green colour appears. Add 
further a few drops of 1 % sodium carbonate solution. The green colour changes to 
a bluish- and finally, a reddish-purple. This reaction is characteristic of aromatic 
compounds containing the catechol grouping, i.e. two hydroxyl groups in the 
ortho position (see p. 110). 

(b) Add a little of the peroxidase solution prepared in (A). The mixture will 
gradually turn brown owing to the oxidation of the aromatic by the peroxidase. 

(c) To (5) add a few drops of guaiacum tincture. A blue colour is given owing to 
the presence of the peroxide formed in (J), the oxidase system being now complete. 

Eocpt. 119. Action of peroxidases on catechol, {a) The peroxidase of the Potato 
tuber {or Pear fruit). Make a 1 7o solution of catechol in distilled water. To some 
of this solution, in a small evaporating dish, add a little of the peroxidase solution 
from Expt. 118 (A). Note that the catechol solution gradually turns brown. Add 
further a few drops of guaiacum tincture. A blue colour appears. (6) Peroxidase of 
Aiyssurn leaves. Pound up 2-3 Alyssum leaves in a mortar with some 96 7o alcohol, 
and filter on a filter-pump. Repeat the process until the residiie is practically 
colourless. Extract the residue with a little distilled water and filter. Proceed as in 
{a). No browning of catechol takes place and no blue colour is formed on the 
subsequent addition of guaiacum. 

For section {a) the following material may also be used : fruits of Apple and 
Greengage, fiowers of Horse Chestnut {Aescidm) and leaves of Pear, the method of 
preparation in {h) being employed. For section {b) flowers of white AraHs may also 
be used. 

If in the preparation of the peroxidase from the Potato tuber, the 
tissue is allowed to brown before extracting with alcohol, the cell-residue 
is tinged with brown and, on extraction with water, the filtrate will give 
an oxidase reaction with guaiacum. This is to be explained by the fact 
that the peroxide has been adsorbed by the tissue residue. This pheno- 
menon is probably the explanation of the preparation of some oxidases 
called laccases.” Such enzymes have been obtained by the precipita- 
tion with strong alcohol of the expressed juices (containing peroxide 
since they were obtained by crushing the tissues) of plants which brown 
on injury. The enzyme and other organic matter is precipitated and 
carries with it the peroxide. 
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The browning of plants on injury, as alr(‘a(ly nunitiioned, is v(uy 
wide-spread : more: rarely, tile same type of niaction may l(‘ad to th(‘, 
formation (d‘ variously (‘oloured prodiuits, otlau’ aromatic subBtanecs in 
addition to the peroxide; being in all probability involveid. The following 
exampb‘H may be (j[U(^ted. In Hom<M>f the Higher Phnigi, Boletus lwridu,s 
and H, c//(iu&saeus\ when the; I>ih*nH is liroken ncnjsB or injured, ttie tissue 
rapidly tunis a d(H*p Prussian blue on (exposure; to the; air Also in the; 
Fungus, Russula nifiria/us, tin; <;olour c;hang(,‘H from pink or reddish to 
black. The latex of l.he tn‘(e Rhus mmiiafera, whtm eexpose-d to air, 
turns bla(;k and constitaiies tin* product, .Iaparn;s(‘ lac({U(;r. 

Arial(>g<ms pigmc‘ntH fornuid aftc;r {l(;a,th have been observed in 
Schenckia hliLnwnaviana (Hnhiac(‘ne) whf;re the; wliole |)lant turns bright 
red in chloroform vapf^nr, as well as in speeie;H of Jamhinia and Aloe. 
Bine pigmemts are‘ also forme.el aft<;r de^ath in the; Teased (Dipsaous), in 
the Howeu's of an C)rchid {Phajiis)^ in the; Hogs Me;rcury (Mercu/rialds 
jmremiis), atinnal Mercury (if. armufr) and in the; we;ll-knowu indigo- 
producing plants, the; Woad (hatw tindoria) and the; I ndigo {Indigofera) 
(Walther, 2H) (sm* p, 152). It has not b(;(;n shown, howevew, thatoxidi/Jrig 
enxymes an* pr<‘H(*nt in all tin; above eases. 

Tlu;re^ is a well-kneavn e^xidizing en^^yme, tyrosinase, which is some- 
what s|Kicific in its action in that it will only oxidi/.e tyrosine and a few 
other Hubstanee;H, such as p-enwol. It occurs in the tubeirs of the Dahlia 
(Dahlia m.iriabllw) and Potato (Holanum tuberosum), in grains of barley 
(Hordeum) and wheat (Triticum) and in Papaver orientale. In the lower 
plants it is found among the* Basidiomycc;tes. 

When tyrosiriiise acts u|>ori tyrosine;, a yellowish-pink colour is first 
produced which rapidly darkens to red, brown and finally black. A 
solution p-eri;sol 

OH, 

A 

OH 

can be used m a delicate test for the enzyme. If the enzyme is present, 
a yellowish- or orange-riMl cxdour is formed. 

Tyrosinase of the Potato tu'ter can be precipitated from a water 
extract with absoliite alcohol : or if the potato tteue is extracted with 
cold &i% al0>hol, the enzyma is pEwipitated and remains in the 
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tissue residue, as does the peroxidase [Expt. 118(A)], but thc‘ tyrosine is 
almost entirely washed away. 

Bxpt. ] 20. Demximtration of the premnoe. of tyrodnaM*, in the Potato. 1 ake alaiut 
half a potato and proceed as in the preparation of jveroxidaHc^ [see Expt. 118(A)]. 
Roughly dry the powder left on the filter and then add about UK) e.c*. wat(‘.r and 
allow to stand for 15 mins. Filter, aikd divide the filtrate into si.x portioiiH r/, 5, c, (f 
e and /. Make a suspension (d a little tyrosinci in water (tyrosim^ is (hiIj sliglitly 
soluble in cold water). 

To a add 5 c^.c. of tyrosine suspcinsion. 

To h add 5 c.c. of tyrosine susjkension and a few drops of hydrog(Ui peroxide. 

To c add 5 c.c. of tyrosine suspension and boil. 

To d add a few drops ()f hydrogen peroxide only. 

To e add some p-cresoL 

To f nothing is added. 

Plug all the tubes with cotton-wool, put in an incubator at 38 '{!. for 2-3 bra 
Note that tul)es a and h fairly rapidly tnrn red, then bnmm and finally black. 
Tubes d and / may darken a little owing to tlie action of tyroHitiase and |mroxida«e 
on til© traces of plant arornaties left in the tissue. Tube c remairm unaltered. Tube 
e gives an orange-red colour. 


Another point which may be touched upon is the significance of the 
oxidizing enzymes in plant metabolism. The fimts as they presmit 
themselves may be stated thus. On death or injury we discover a 
system (oxidase) in some plants which can oxidize certain fmeeptors, 
either artificially introduced, such as guaiacum, or other aromatic sub- 
stances present in the plant itself. 

The question is whether the oxidase’s Bystern an <li?scribe^d above 
functions in metabolism for the purpose of oxidation and respiration in 
the living plant. If it does, thcire are various suggestions as to how it 
may act. For instance), it is |) 0 Bsible that aromatic substances are oxi- 
dized to pigments by the oxidjise system, and the pigment is then 
deoxidized by products of anaerobic respinition, hence constituting a 
mechanism for this function. Such pigments have been termed ** respi- 
ration pigments” (Palladin, 12-16). It is suggested that they are not 
present in any quantity in the living plant and their prcMluction is 
controlled by oxidizing and reducing systems : 

autoxiclizable substance -I- molecular oxygen « peroxide 

peroxide 4* peroxidaae«= active oxygen 

aromatic substance (acceptor or chromogen) -I- active oxygen « 
pigment 

pigment 4- reducing substance » ehromogen. 

The above, hypothesis is only applicable to plants contminiiig oxi- 
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cliseH, so that hoiih* modification wcmld be necessary to fit the case of 
plants containing peroxidas(!s only. 

It shonld 1 k‘ int‘ntiont‘(l that the aromatic*, substancicjs which become 
oxidized are frecjnently prescmt in thcj plant as glucosidcjs, that is, some 
of the hydroxyl gnmps an* replaccid by sugar, indoxyl, the; prectirsor of 
indigo, forms a good <exainpl(% as it is present in tlui plant as a colourless 
glucc^idc*, indican (stfc* p, 152). It is probably only aften* thci hydrolysiB 
of the* glucosides that tint anunatic; substanca^s can b(.‘Come oxidizc^d. 

RKFKHHNGES 

Books 

1. Ohodat, R. I)amt(*Iluiig von Oxytkne^n and Katalasmi tiorischca* und pflair^- 
lidier llitrkunft. Mothodon ihn^r Anwondung. Handbu(!h dor hiochtmiisohon 
ArUntHmothodon. K. AlKlorlialdcai, Be.Hin, Vol. 3 (I), pp. 4'2-74. 

2. PerMnt, A. G., and Everest, A. E. Hio Natural Organic Ooloiiring 
Matters. London, HIIH. 

3. Wheldale, M. I’hc Anthoiyanin Figments of PlfWitH. Oarn bridge, 1910. 

PArKItK 

4. Olark, B. D. Tim Nature and Funcjtion of the Plant Oxidfises. 

1911, Vol 11, pp. 23 31, 55^91, S4 92, lOI UO. 

5. Combes, R, Hur la prikence, dans des feuillos (it dans des fleuw nci formant 
pas d’anthocyana, de plgmcuits jaiines janivant l^tre transfoniHk (ai anthocyano. 
a IL Amfl mi., 1914, Vol. IfiB, |»p. 272 >274. 

(I Bverest, A. B. The Production of Anthocyunirm and Anthocyanidins. 
Fart III. it Noc., imn, B Veil IK), pp. 251.-205. 

7. Bwart, A. X A (Jomparaiive Htudy of Oxidatioii by ( jatalywts of Organic 
and Itiorganie Origin. Pmc. IL 1915, B V<il H8, pp. 284 320. 

8. Fischer, B., und Freudenber^, K. UelH^r diis Tannin und die Byntbose 
ahnlichiif Bioflo. Ikr. I), dimn, (Jm., 1912, Vol 45, pp. 9154)35. 

9. Keeble, F., and Aracustron^, B. F, The Ii51e of Oxydas(?H in the Forma- 
tion of the Anthocyan Ifigtricnte of Plants. J. (Jmmiim, 1913, Vol. 2, pp. 277-31 L 

10. Moore, B., and Whitley, B. The Fro|.Ksrties and Glassification of the 
Oxidklng ErcsyriiiiM, arid Analogies laitwi^ri Eriisymio Activity and the Effects of 
iiiuriun© BoditM and Goiiipkuricnts. Bitmlmm. X, 1909, Vol 4, pp, ISfi-dO?. 

IL Oaslow, M. V^eldale. Oxidising Knzymes. I. The Nature of the 
‘^^Femxide® iwliirally aiwcxjiiited with (Mirtain direct Oxidising Systems in Plants. 
Eimfmwi. #/., 1919, VoL 13, |i|>. I- 9. 

12. P^lladlxi, W. i)#i» Bliit d©r Ffianztn. B&r, D, boL Gm,, 1908, Vol 20(1, 
|>p. 125-.. 1 32, 

13. Padla4iia, W. Die Verbreltiing der AimungschromogMic bei den Fflaiizen, 
Ber* D. h^L Gm., 1908, Vol 26 a, 37S=“'SS9, 

14. Palladia, W. IJelMirdie BildiingderAtmiingi0hrom,0ganelndanPfiaiiziiti 

Bm A M. Gm., liM», VoL Mu, pp. 389«a94. 


8_2 


116 AROMATIC COMPOUNDS AND [ch. 

15. Palladin, W. Ueber Prochromogene der pflanzlichen Atmimgschromo- 
gene. Ber. D. hot Oes.^ 1909, Yol. 27, pp. 101-106. 

16. Palladin, W. Ueber das Wesen der Pflanzenatmung. Biochem. Zs.^ 
1909, Yol. 18, pp. 151-206. 

17. Perkin, A. G, Luteolin. Part I. J. Qhem, JSoc., 1896, Yol. 69, pp. 206- 
212. Part II. Ibid., 1896, Yol. 69, pp. 799-803. 

18. Perkin, A. G. Apiin and Apigenin. J. Chem. Soc., 1897, Yol. 71, pp. 805- 
818. Ibid., 1900, Yol, 77, pp. 416-423. 

19. Perkin, A. G. Eobinin, Yiolaquercetin, Myrticolorin and Osyritrin. 
J. Chem. jSoc., 1902, Yol. 81, pp. 473-480. 

20. Perkin, A. G., and Horsfall, L. H. Luteolin. Part III. J. Chem. Soc., 
1900, Yol. 77, pp. 1314-1324. 

21. Perkin, A. G., and Hummel, J. J. Occurrence of Quercetin in the Outer 
Skins of the Bulb of the Onion. J. Chem. Boc., 1896, Yol. 69, pp. 1295-1298. 

22. Perkin, A. G., and Hummel, J. J. The Colouriug Matters occurring 
in various British Plants. Part I. J. Chem. Boo., 1896, Yol. 69, pp- 1566-1572. 

23. Perkin, A. G., and Newbury, P. G. The Colouring Matters contained 
in Dyer^s Broom {Genista tinetorid) and Heather {Calluna vulgaris). J. Chem. Boc., 
1899, Yol. 75, pp. 830-839. 

24. Perkin, A. G., and PMpps, S. Notes on some Natural Colouring 
Matters. J. Chem. Boc., 1904, Yol. 85, pp. 56-64. 

25. Perkin, A. G., and Wilkinson, B. J. Colouring Matter from the 
Blowers of Delphinium Consolida. J. Chem. Boc., 1902, Yol. 81, pp. 585-591. 

26. Shibata, K., Nagai, I., and Kiskida, M. The Occurrence and Physio- 
logical Significance of Flavone Derivatives in Plants. J. Biol. Chem., 1916, Yol. 28^ 
pp. 93-108. 

27. Waage, T. Ueber das Yorkommen und die Rolle des Phloroglucins in 
der Pflanze. Ber. D. hot. Ges., 1890, Yol. 8, pp. 250-292. 

28. Walther, O. Zur Frage der Indigobildung. Ber. D. hot. Ges., 1909, 
Yol. 27, pp. 106-110. 

29. Wheldale, M. On the Nature of Anthocyanin. Proc. Camh. Phil. Boc., 
1909, Yol. 15, pp. 137-168. 

30. YVTieldale, M., and Bassett, H. LL The Flower Pigments of Antirrhi- 
num majus. II. The Pale Yellow or Ivory Pigment. Biochem. J., 1913, Vol. 7, 
pp. 441-444. 

31. Wheldale, M., and Bassett, H. LI. The Flower Pigments of Antirrhi- 
num majus. III. The Eed and Magenta Pigments. Biochem. J., 1914, Yol. 8, 
pp. 204r-208. 

32. Wheldale, M., and ^ Bassett, H. LI. The Chemical Interpretation of 
some Mendelian Factors for Flower-Colour. Proc. R. Boc., 1914, B Yol. 87, 
pp. 300-311. 

33. WillstSrtter, R. Ueber die Farbstoffe der Bliiten und Friichte. BitzBer. 
Ah. Wiss., 1914, pp. 402-411. 

34. Willstatter, R., und Bolton, B. KL Ueber den Farbstoff der Schar- 
lachpelargonie. Liebigs Ann. Chem., 1915, Yol. 408, pp. 42-61. 

35. WiUstatter, R., imd Everest, A. B. Ueber deil Farbstoff der Korn- 
blume. Liebigs Ann. Chem.,l^lZ, Yol 401, pp. 189-232. 



( )XI I )lZINa ENZYMES 


117 


vn] 

30. Willstatter, R., tind Mallison, H. UciMir die VorwandtHchaft de>r 
Antliocyaiie und Flavoiie. ^SiizBer. /U-. Winn., 1914, pp. 769-777. 

37. Willstatter, R,, und Mallison, H. UuUir den Farbntoffdor Prc^Bdbcero. 
Liebigs Ann. Ckem., 1915, VoL 408, pp. 15- 41. 

38. Willstatter, R., und Mallison, H. Variationon dor Bliit(nifarb6n. 

Liebigs Ann, ahem,, 1915, VoL 408, pp. 147-lOa. 

39. Willsti-tter, R,, und Martin, K. IJolxjr don FarbHk»ff dor Althaea nmai. 
Liebig n Ann. Chem., 1915, V<d. 408, pp. 110 121. 

40. WillstEtter, R., und MiogTi W. IJobor ein Antliocyan don liitternponiH. 
Liebig H A^in. Ckeni,, 1915, VoL 408, pp. 61-82. 

41. wmstatter, R., und Mieg, W. lJ<4)er den FarbHtoff dor wildon Halve. 
Lwbig$ A71/1. akmn,^ 1915, V<d. 408, pp. 122 135. 

42. Wilbstatter, R., und Nolan, T. J. UelKjr dcui Farbntoff df^r lioHo. 
Liebigs A nn. Ckem., 1915, VoL 408, pp. 1 14. 

43. Will8tS.tter, R., und Nolan, T. J. Uober den Far!>Htoff dor Piionie. 
liebigBAnn, €hem., 1915, VoL 408, pp. 13fM46. 

44. WinstEtter, R., und Weil, F. X IJntorHuchungeri ilbcsr Anthocyaiie. 

Liebigs Arm, 1916, Vcd. 412, pp. 113 251. 

45. Willstatter, R., und Zechmeister, Ii. HynthoHo den PelargotddinH. 
BiuBm At Ifm, 1014, pp. HHilsmtl 

46. WillBtS.tter, R., imd Zollinger, B. H. U(^l^r die FarbHtoflb dor Wein- 
traul>o und dor HeidellH»ere, Liebigs Ann. Chem,, 1915, YoL 408, pp. 83 109. 

47. WlllBti.tter, R., und Stoll, A, Uobor Peroxydami Liebigs Ann. Chmn.^ 
1918, VoL 416, pp. 21.-64. 


CHAPTER VIII 


THE PKOTKINS AND PliOTKASES 

No clasH of compounds is of more fiindamental siguificnnce than tihi‘ 
proteins. The matrix of protoplasm larg(dy consists of protidns in tin* 
colloidal state, and, without doubt, they occur t,o sonui (extent in thc^. 
same condition in the ecdl-sap. Thtjy are also found in th<i ccdl in the 
solid state, in the form of either amorphous granules, termed aleurone, 
or crystalline or s(jmi-crystalline bodies, icu*tiu‘d crystalloid Is. Both solid 
forms constitute “ rciserve material” and are f>ften found in si*eds, tnbers, 
bulbs, buds and roots. 

Plant proteins may hn classified on the following plan : 

1. The simple p)roteins. 

(a) Albumins. 

(b) Globulins. 

(o) Prolamins (Gliadins). 

(d) Glutelins. 

2. Conjugated proteins. 

(a) N ncleoproteins. 

3. I)erive<l proteins. 

(a) Metaproteins. 

(b) ProteoHCB (Albii moseys). 

(c) Peptoruis. 

(d) Polypeptides. 

Although they are present in every cell in all |mrt8 of plants, little, 
however, is known of plant proteins, except of thosc.s in seeds, k.!Cii«sf3 
of the difficulties of obUining them in Bufficiently large quantities, arid 
of separating them from each other. 

Proteins are in the colloidal state when in so-called solution, and are 
unable to diffuse through parchment rnernbram^s. The proteoses and 
jieptones, however, which have simpler molecules, can diffiistj through 
such membranes. 

The vegetable proteins are soluble in various solvents according to 
the nature of the protein ; some are soluble in water, othew in dilute 
salt solutions, others, again, in dilute alkalies, and a few in dilute 
alcohol Vegetable albumins are coaguk'ted from solution on boiling, 
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but most of the globulins, unlike the corresponding animal products, 
are only imperfectly coagulated on heating and some not at all. The 
precipitate formed when coagulation is complete will not go into solution 
again either in water, acid, alkali or salts. Alcohol precipitates the 
proteins ; in the case of animal proteins, the precipitate becomes coagu- 
lated and insoluble if allowed to remain in contact with the alcohol, but 
this does not appear to be so with plant proteins. 

In addition, certain neutral salts, the chlorides and sulphates of 
sodium, magnesium and ammonium, have the property of precipitating 
proteins (except peptones) from solution when added in sufficient quan- 
tity. The protein is quite unchanged in precipitation and can be made 
to go into solution again. The various proteins are precipitated by 
different concentrations of these salt solutions (see p. 124). 

The salts of calcium and barium and the heavy metals produce 
insoluble precipitates with the proteins, and in this case the reaction is 
irreversible. 

In regard to chemical composition, the proteins contain the elements 
carbon, hydrogen, nitrogen, oxygen and sulphur. There is every reason 
to believe that the protein molecule is constituted of amino-acids con- 
densed, with elimination of water, on the plan which may be depicted 
as follows : 

Ri Rii Riii 

I 1 I 

NHa— CH~CO|OH HjNH— CH—COjOH HjNH— CH— COiOH HjNH— 

I 

—COiOH HjNH— CH— COOH 

Conversely, when the proteins are acted upon by hydrolyzing en- 
zymes, a series of hydrolytic products are formed which have smaller 
molecules than the original proteins. They may be enumerated as : 

1. Albumoses. 

2. Peptones. 

3. Amino-acids. 

In the same way when proteins are boiled with acids, a number of 
the amino-acids are obtained as an end-product. 

The above amino-acids may be either aliphatic or’ aromatic, and they 
are characterized by having one or more hydrogen atoms, other than 
those in the carboxyl groups, replaced by the group — NHg. Thus they 
are acids by virtue of the carboxyl groups, and bases by virtue of the 
— NHa groups: towards strong acids they act as bases, and towards 
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strong bases as acids. The amino-acid, alanine, for instanct*, forms salts, 
sodium amino-propionate with a base, and alanine hydrochloride with 
an acid : 

CHy-^-CH-^COONa CH.^— CH— COOH 

NHo NH. -HCt 

Substances behaving in this way have be(.‘n termed '‘amphoteric’' 
electrolytes (see also p. 15). 

In the proteins, which are formed by condensation, as explain(‘d above, 
there are always some NPIjjand COOH groups left uncoml)ined. Hence 
a protein must, in the same way, have the propcu-ties of both an acid 
and a base. 

The amino-acids which are obtoined by tin* hydrolysis of plant pro- 
teins may be classified m follows : 


A lipliutlc mmpo undn. 


Mono-carboxylic mono-amino acids : 

Glycine or a-amino-acetic acid 

CHsjCNH^) *COOH 
Alanine or fi-amino-propionic acid 

CH3*CH(NH2)*C00H 
Valine or a-amino- iso- valeric mdd 


CH31 

CH3 


'^CH •CH(NH3)-COOH 


Leucine or a-arnino-iso-caproic acid 


CH. 


CH, 


’^CH • CHj • CH(NH8) • COOH 


Iso-leucine or a-amino-/3-iiiethyl-^-otliyl-j>roiH<»tiic iieid 
CH;k 

>CH •CH(NHs) COOH 

c,h/ 

Serine or a-amino-za-hydroxy-propionio acid 

CHjOH ■ CH(NH,) • COOH 


Dicarboxylic mono-ainino acids : 

Aspartic acid or a-amino-suociuic acid 

COOH ■ OH, • CH(NHj) • COOH 
Glutainimc acid or a-amino-glutario acid 

COOH - OH, • CH, • CH(NH,) • COOH 
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Mono-carboxylic di-amino acids: 

Arginine or d-giianidine-a-amino-valeric acid 
NHg 

HN=C— NH • CHa • CHa ' CHa • CH(NH2) • COOH 
Lysine or a-c-di-amino-caproic acid 

CH2(NH2) * CH2 • CHg * CH2 • CH(NH2) * COOH 

Dicarboxylic di-amino acid : 

Cystine (dicysteine) or di-/3-thio-a-amino-propionic acid 

CH2— S— S— CHg 

CH(NH2) CH(NH2) 

COOH ' COOH 


Aromatic compounds. 
Mono-carboxylic mono-amino acids : 

Phenyl-alanine or /3-phenyl-<i-amino-propionic acid 
CoHg * CH2 • CH(NH2) - COOH 
Tyrosine or jp-hydroxy-phenyl-alanine 

OH * C0H4 * CHa * CH(NH2) * COOH 


Heterocyclic compounds. 


Proline or a-pyrrolidine-carboxylic acid 


CH2 CH2 


CH2 CH-COOH 


Histidine or /3-iminazole-alanine 

CH 


NH N 

CH==C— CH2 * CH(NH2) * COOH 

Tryptophane or ^-indole-alanine CgH^N * CH2 * CH(NH2) * COOH 

— C-CH2-CH(NH2) - COOH 




Different proteins are formed by various combinations of the above 
acids and hence g^ve different amounts on hydrolysis. 

There are certain properties and chemical reactions by means of 
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which proteins can he detected. These are illustrated in the following 
experiment. 

ExpL 121. Tasts for proteins. Weigh out about 10 gms. of dried peas {Pisuon)^ 
grind them in a coffee-mill and then add 100 c.c. of water to the ground mass. 
Allow the mixture to stand for an hour. Filter, and make the following tests with 
the filtrate (see p. 133). 

{a) The xanthoproteic reaction. To a few c.c. of the protein solution in a test-tube 
add about one-third of its volume of strong nitric acid. A white precipitate “is 
formed (except in the case of proteoses, peptones, etc.). On boiling, the precipitate 
turns yellow, and may partly dissolve to give a yellow solution. Cool under the tap, 
and add strong ammonia till the reaction is alkaline. The yellow colour becomes 
orange. The precipitate is due to the fact that rnetaiorotein (see p. 127) is formed 
by the action of acid on albumins or globulins, and this metaprotein is insoluble in 
strong acids. The yellow colour is the result of the formation of a nitro-compoiind 
of some aromatic comj)onent of the protein, such as tyrosine, tryptophane and 
phenylalanine. 

(6) MillorCs reaction. To a few c.c. of the protein solution add about half its 
volume of Millon’s reagent^. A white precipitate is formed. On warming, the preci- 
pitate turns brick-red, or disappears and gives a red solution. The white precipitate is 
due to the action of the mercuric nitrate on the protein>s. The reaction is character- 
istic of all aromatic substances which contain a hydroxyl group attached to the 
benzene ring. The aromatic complex in the j)rotein to which the reaction is due is 
tyrosine. 

(c) The glyoxylic reaction {Rophins and Cole). To about 2 c.c. of protein solution 
add an equal amount of “reduced oxalic acid ”2. Mix the solutions, and then add an 
equal volume of concentrated sulphuric acid, pouring it down the side of the tube. 
A purple ring forms at the junction of fhe two liquids. If the liquids are mixed by 
shaking the tube gently, the purple colour will spread throughout the solution. The 
substance in the protein molecule to which the reaction is due is tryptophane. If 
carbohydrates are present in the liquid to be tested, the colour is not good, owing to 
blackening produced by the charring with the strong sulphuric acid. 

{di) The hiuret reaction. To a few c.c. of the protein solution add an excess of 
sodium hydrate and a drop of a 1 % solution of copper sulphate. A violet or pink 
colour is produced. The reaction is given by nearly all substances containing two 
CONH groups attached to one another, to the same nitrogen atom, or to the same 
carbon atom. The cause of the reaction with proteins is the presence of one or more 

1 This reagent is made by dissolving 30 c.c. of mercury in 570 c.c. of concentrated 
nitric acid and then adding twice its bulk of water. It contains mercurous and mercuric 
nitrates, together with excess of nitric acid and a little nitrous acid. 

^ Reduced oxalic acid is prepared as follows : [a) Treat 600 c.c. of a saturated solution 
of oxalic acid with 40 gms. of 2^/^ sodium amalgam. When hydrogen ceases to be 
evolved, the solution is filtered and diluted with twice its volume of distilled water. The 
solution contains oxalic acid, sodium binoxalate and glyoxylic acid (OOOH*OHO). 
(6) 5ut 10 gms. of powdered magnesium into a flask and just cover with distilled water. 
Add slowly 260 c.c. of saturated oxahe acid, cooling under the tap. Filter off the insoluble 
magnesium oxalate, acidify with acetic acid and dilute to a htre with distilled water. 
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groupings fonnod by th<i coiiticiiisaiion of the (;HrlM>xylic group of uu auiino-ucicl with 
the aruino gnuip of anotiier ainino-atnd (He<i p. 1 lb). 

(e) Th' Hiflphtfr mniliut. Boil a few e.c. of the protein solution witli sonie 40 
sodium hydrate fin- two minut<t.s, and then add a dro|> or two of k^fid aeetetc^. The 
solution turns bhusk. This nuietion is due to the formation of sodium sulphide l)y 
the action of tlie sf.rong alkali on the sulphur of the })rotein. On addition of the lead 
salt, a black precipitate of IcNid sulpbidt) is fonntMl. The sulpliur in the protein 
nioh;(;ul(‘ is mainly prescmi as cystiiu*. 

For the ft)llowing reactions, a proteiti solution free from other impurities is 
requiiTRi. For this purpost^ tak<*. 40 gtns. of grourul jHias, add to the meal a, bout 
2(K) c.(^ 10 Fa wHiium chlorich^ solution, and alhivv the mixture to stand, witli occa- 
sional stirring, for 3 \i iirs. {sih5 p. 134). Then filter off the (‘.xtract, first through 
muslin, and, suh>i(*(pteiitly, through filter-paper. But th(‘. <*-xtract to dialyxe for 
24 hrs. in a c(»lIodion dialyzttr* until the protein is w(ill pr<^<*.ii)itat(;d. (Toluol 
shouit! be addeii the licjuid iti the dialy/iT.) Then filt(ir off th<5 protein. Reserve 
half, and disHolve the (»ther lialf in ab<»ut 50 e.c. of 5 '’/« sodium nitrah*, solution. 
With this solution (aftf*r reserving a portion for Kxpt. 123) make the following tests: 

(/) Prtripkatiou bp tifeohfd. To a few c.e. in a t(‘st“ttib(5, ftdd excess of absolutes 
akM)hol. The prf»tf‘in is precipitabtcl. 

{(f) PrerJpittUum bp th’ JaHup nintnU, MtMtsure out a f(^w c.c. of tlu^ prohdn 
Holuti<ai iiitcj three test-tubes, anti adtl r(*Hpecti vedy a little (1) coppt^r sulphate 
Holutitai, (2/ leaf! actd^tte sttlntion, (3) mt^rcMirit; chloride solution: the protein is 
preeipitaUni in eatth cast*. 

The follo%viiig tt»si cannot Ik? deinoiistratod on the Pea prot<?in, sitice carbo- 
hydrafen artt almtuji in tins ease. It eati, how'over, ha demonstrattHl in later 
ex|KU'imentH (mm p. BIO). 

(k) MdmcPn mmimu, 'Bti a few c.c. of the protein solution inki a f(?w drops of a 
I solution of «-'naphthfd in fdeohoL Mix, and then run in an tiqual volume of 
strong Hiilphnric acid <iown the sitk? of the tulm. A. violet riiig is fonned at tin? 
junction of the? two liquids. ITie reaction signifies the existotUK? in the protein of a 
carl tohytl rate group which gives rise, on treatment with Jicid, to furfural. The latter 
then eondetiMjs with cuiaphthol to give a pur|de cokmr (wie also Expts. 3B, 44, 4B). 

(/) PmdpitatHm bp mhIu of ulhdim mirth rnritth. To a few c.c. of the protein 
solution acki a little barium chloride sohition. A precipitate is formed on staiuling. 

(/} Prmipitfitum bp nmdral mdtn. Hatiirahi a few c.c. of the protein solution 
with finely |K>wdered ammonium sulphate. The pwtein is |mic;ipitfit4?d or ^‘sidted out.** 

Since fniru a neutral salt solution the |Km gk>hulin is prindpitated by acid 
(see p. 125), the (k'hip*^) should Im carrieii out with a solution of the protein in 
dilute acid. I)i«iii>Ive, tlierefore, the remamder of the solid globulin in about 
40C.C. of 10^% aciitic iicid, filter, and make the following tests: 

(k) 'Prmipititimit bp iamm mH, Add a little tennicacid solution ; the protc?in is 
precipitatel. 

* Tliii collodion Mdtiticm i« miidu by adding 75 o.c. of ether to 8 gnm. of well-drkd 

pyroxylin, allowing it to stand for 10-15 minute# md then adding 25 e.c. of abwlnte 
ifcl«hoL ®t€t dialywrs art pritpirei by coaling th# te»id© of a large taKt4alw with th« 
»lafcli« and then ililng with water, after toe film is suffictently dricfd to as not to b« 
wlnkM by touching with the fiiigtr. The sac ean then b# withdrawn from th# tab#. 
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(l) Precipitation hj Enhaeh^s solutioiP. Add a little Esbach’B Holutien: the pro- 
tein is precipitated. 

(m) Precipitation phosp/iottingittic acid. Add a little 2 Holution of |>ho8- 
photungstic acid in 5 Bulphuric acid: the protein in precipitated. 

The substances used in the tests (Ic)-(ni) are burned '‘alkaloidal re- 
agents’’ because they also cause precipitation of alkaloids (see Chap. x). 

We are now in a position to deal with the different groups of pro- 
teins in detail : 

Albumins. Very few vegetable albumins have l>een investigated. 
They can be best defined as proteins which are soluble in water and are 
coagulated by heat. Animal albumins are distinguished by the fact 
that they are not precipitated by saturating their neutral solutions with 
sodium chloride or magnesium sulphate; nor are they precij)itat<Kl by 
half-saturation with ammonium sulphate. This distinction cannot be 
applied to vegetable proteins, since some are precipitated l>y the above 
treatment. It is often not easy to determine whether a plant protein is 
an albumin, on account of the difficulty of removing teices of salts, acids 
or bases which cause solubility, and also of sepaniting the albumins from 
the globulins with which they occur. Albumins are however probably 
widely distributed in plant tissues. 

The best-known albumins are : 

Leucosin, which occurs in the seeds of Wheat {Triticuni mlgare). 
Rye (Secale oereale) and Barley (ffordeum vuUjare), 

Legumelin, which occurs in seeds of the Pea (Pimm mtitmm), Broad 
Bean (Vida Faba), Vetch {Vicia saliva), Lentil (Ervum Lem) and some 
other Leguminous seeds. 

Phaselin, which occurs in the Kidney-bean (Fhmeolm vulgaru), 

Ricin, which occurs in the Castor-oil Bean (Ridnm commtmw), 

Espt 122. JDemomtration of the prmerm of mi aUmmin {Imnmin) in wkmM or 
Imrley flour {sec aim ExpU, 128 and 130). Weigh out lOgms. of whmt or barley ioiir, 
add 100 c,c. of distilled water and allow to stand, with cKXsasional stiiririg, for 
2-4 hrs. Then filter off the solution. Slowly heat the solution to boiling, and note 
that a precipitate of coagulated protein is formed. 

Globulins. These may be defined as the proteins which are in- 
soluble in water but soluble in dilute salt solutions, the concentration of 
the salt solution necessary for complete solution (see p. 1 . 25 ) vailing 
with the salt or protein under consideration. It shoitkl be noted that, 
in making water-extracts of plant tissues, it may happen that globulinii 

^ t Bshach% soluion is prepared by disrolving 10 pas* of pteric acid and l§g»g. of ©ifelo 
acid In water and making , the solution up to a litr#. 


vni] 


THE PROTEINS AND PROTEASES 


125 


pass Holiiiioti to soini* t^xkait owing to tho proBcncui of inorgiinic 
saltH in th(^ tissiu'H thoriiH(*lvoH. This liaH also already been illuHtrated 
in Expt. 121 in whicdi an (‘xtracd, of th(^ globulin of the. Pea was obtain(‘(l 
by tn,*ating ground P(‘a set^ds with distill(Kl water oidy. 

It is ehanieteristic of animal globulins that tht^y are precipitat(?d by 
saturation of tlndr solutions with magnesium sulphate. Many of the 
Vf‘getabh‘ globulins cannot be {precipitated by the abovc^ nn^ajis, though 
they are ail, ns far as basted, pnteipitated by sodium sulphate at ’ C. 
Many also (lik(j animal globidins) are {)recipitatc;<l hy half-saturatiori 
with arnmoniiun HJil{>haU% though others an; not i)recipitate(l until their 
solutions are rawly saturated vvdth this salt [see Expt. 121 {j)\ 

[Jnlike arrimal gh>hulins, vegt‘table globidirm are, as a rule;, only 
imperfectly (coagulated l)y heat, even on Inpiling. 

123. DmLmmtration of thr mtujidtUuYu. of glohul In. Heat a few c.i;. of tie; 
Holution cif dialyzed f*<!a glohulin (from Kxpt. 12I) in a best-tube. Note that tin; 
protein in Ifirgely precipitiibHl, but tin; Holutioii does not becoim; (fuite cl<;nr. 

One v(;ry imjnprtiint cchiiract(;ristic of the Vicgi; table globulins is the 
ease with whicch a number of ilumi can be obtaincnl in (crystalline form. 
This result may be aedneved by dialys^ing a salt solution of tlu; glol)idin. 
The salt passes out through the membrane, and tin; j)rot(;iri is cheposited 
in the ferrm of crystals. An alkcrnative method is to dilute the saline 
solution of glo!>ulin with water at 50-80” O. until a slight turbidity 
appicaiu Then warm further until this goc;s into solution, and cool 
gradually, when the protein will st;pamte in crystals. The globulin, 
odestin, from steeds of the* Hemp {Cannabis satimi) crystallisses vary 
reiidily {see Expt. 133) and crystals can also be obtained of the globulins 
from the secak of the Bnwsil nut {BerthoUdia emceka) (see Expt. 136), 
the Flax or Linseed {lAnum udtatisdmwm) (see Expt 135), the Oat 
{Atmna saiimi) and the Castor-oil plant {Ricinus communis) {nm Expt. 
134) ; othfir ghAulins »e|airate out on dialysis m spheroids, sometimes 
mixed with eryitiila 

The sohibilities of plant globulins are further complicated by the 
fact that some of these siit^tanci^s form acid salts which have different 
solubilities from the proteins themselves. Thus edestin is insoluble in 
water, but soluble in either dilute salt solution or acid In the presence 
of acid it foniis salts which are insoluble in dilute salt solutions. Thus 
edestin in dilute acid solution is precipitated by a trime of salt, or in 
dilute salt solution by a trace of acid (see Expt. 124). Legumin, on the 
other hand, from the Pea and oth«^ laguminosaa is soluble in water in 
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the free state: combined with a Hmall amount of aci<I an a Halt, it is 
insoluble in water but soluble in neutral salt solution, that is, it has the? 
solubilities of a globulin (see p. 134). 

KvpL 124. The formation of ifdlta ht/ edediii. (iriud up 5 guin. of Hmin of the 
Hemp {Cannahu mtiva) in a coflbe-rnill. Extract with 00 c.c. of warm (not ahovc? 
60'* C.) lO^Vo sodium cliloride solution and idler. Add a drop td ntrong hydrocddoric 
acid to the filtrate. Edestin chloride, which in iuHidulde in salt .Hidutionn, iH|>recipi- 
tated. Filter and drain off all the liquid, and thfiii suspend the |>reotpitat4j in 
distilled water. Add 1 or 2 drops of hydrochloric acid cauifuily ami stir till most or 
all of the precipitate got?s into solution. Filter, and to the tiltrat4? iwld a few drops 
of saturated sotiium chloride solution. The edcHtin acid sfdt is again precipitatial 


The following is a list of the pidncijml known globuliris (C Isbonu?, 2): 


Legumin, in seeds of 

Vignin, in seeds of 

Glycinin, in seeds of 

Phaseolin (crystalline), in seeds of 

Conglutin, in seeds of 

Vicilin, in seeds of 

Gorylin, in seeds of 

Amandin, in seeds of 

Juglansin, in seeds of.. 

Excelsin (crystalline), in seeds of 

Edestin, in seeds of 

Avenalin, in seeds of 

Castaoin, in seeds of ............... 

Maysin, in se«is of.. 

Tuberin, in tubers of... 


Pea {Pinutti Hutumm). 

Broad Bean ( Vicki Fidni), 

Vetch {Vicia mitimi), 

Jjentil {Ervmn Lem), 

Cow Pea ( Vifjmi HimnuH). 

Soy B(?an {Glycim hiMpuittf 
r Kidney Bean {PhuMoluH vulgarwf 
-JAdzuki Bean {P, rtuliatm}, 
iLima Bean {P. lunatm). 

Lupin (Lupin m f 

( Pea (PtHum Hativnm). 

Broad Bimi ( Vicia Faba), 

D?ntil (Emmi Lcmb), 

Hazel Nut (Oorylm AmUmut), 

' Almond (Prnmm Amygdalm). 
Pcjach (P, Fermeu). 

Plum (P, dorrimtica). 

^Apricot (P. Arrmniam). 

f Eiiro|XMm Walnut (Juglam rqpaf 
American Blaek Walnut (/. i%m). 
Araeriejin Butter-nut (X cimmaf 
Brazil Nut (Bcrthdldim mmka). 
Hemp (Oannalm saiimf 
Oat (Avma saiim). 

Sweat Chistaufc (Gmtmmm mL 
garw), 

Mamsf' (Zm Mags), 

Potato {Solmmm ttiJkrmum}. 
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Crystalline globulins have also been isolated from the following 
seeds but have as yet no distinctive names: Flax {Linum usitatissimum), 
Squash {Gucurhita Tna^ma), Castor-oil Bean {Ricinus communis), Coconut 
{Cocos micifera), Cotton-seed {Gossypium herbaceum). Sunflower {Heli- 
anthiis annuns), Radish {Raphanus sativus), Peanut {Arachis hypogaea), 
Rape (Brassica campestris) and Mustard {Brassica alba). 

It will be seen that the majority of reserve proteins of seeds are 
globulins. It is probable that native and artificial crystalline proteins 
are identical in many cases. 

Prolamins. These proteins are characterized by the fact that they 
are insoluble in water and dilute saline solutions, but are soluble in 
70-90 7o alcohol. Such proteins are peculiar to plants, and are formed 
to a considerable extent in the seeds of cereals. The principal ones 
which have been isolated are : 

Gliadin found in the seeds of Wheat {Triticum vulgare). 

„ „ Rye {Seoale cereale). 

Hordein „ „ Barley {Hordeum vulgare). 

Zein „ „ Maize {Zea Mays). 

The properties of the gliadins are demonstrated in Expts. 128, 129, 
130 and 131. 

Glutelins. The proteins of this group are insoluble in water, dilute 
saline solutions and in alcohol, but they are soluble in dilute alkalies. 
Glutenin of wheat is the only well-characterized member of this class 
which has so far been isolated, though other cereals most probably 
contain similar proteins. A protein of this nature has also been obtained 
from seeds of Rice {Oryza sativa). The properties of the glutelins are 
demonstrated in Expts. 128, 129 and 131. 

Nucleoproteins. Though these proteins probably form constituents 
of all cells, the only members of the class investigated are those of the 
wheat embryo. This has been possible since nuclei form a large pro- 
portion of the tissue of the embryo. They may be regarded as protein 
salts of nucleic acid, i.e. protein nucleates. On hydrolysis with acids or 
enzymes they split up into various proteins and nucleic acid. The 
nucleoproteins are also connected with the purins (see p. 164). 

Metaproteins. These are hydrolytic products of albumins and glo- 
bulins formed by the action of water or dilute acid or alkali. They 
are insoluble in water, strong mineral acids and all solutions of neutral 
salts, but are soluble in dilute acids and alkalies in the absence of any 
large amount of neutral salt. 
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Ex'pt, 125. Reactions of mctaprote.iii. DIhsoIvi^ alnnifc 1 gin. of edinstiii (seo Blxpt. 133) 
in 50 o.c. of a 2 ‘‘/o hydrochloric acid and kce]i on a I Milling watordnUJi for 2 Iirn. 
Keutralize with diluto Hodimn carhonato Holution. A copious procipitato of incta- 
protein separates out which is iriHoluhlo in water. Filter off the prc*ci|)itate and 
wash. Make with it the following t(!Ht.s : 

(a) Dissolve up some of the ]>recipitato again in O' I ‘Vo hjilrocldoriit aeitl. To 
, portions of the solution add: (i) Dilute .sodium carhonate : the metaprotein is pre- 
cipitated again and redi.ssolves in excem (ii) (,lonc:ontratc<i hydrochlorhr acid: the 
metaprotein is precipitated, (iii) Doil some of the acid solution. No coagulum is 
forrncid: the metaprotein is not precipitated hy hoiling when in s^ilutioig and can 
still he precipitated hy neutrali/.ing with sodium <‘arhonate. 

(5) Suspend some of the jirecipitate in water and hoik (’ool and add tr4% 
hydrochloric acid : the precipitate is now insoluble, Hinc<^ the* metaprotein is coagu- 
lated when boiled in suspiumion. 

(c) To some of the precipitete snsjamded in water, add gnwluidly Haiuraied 
ammonium sulphate solution : the meta.protein is insolubh* in all coneuntrationH of 
the salt. 

Proteoses (albumoses) and peptones. These substances an* 
as products of hydrolysis by enxyinea When pn‘Hi*nt in t^xtracts from 
seeds, however, it is Boinetimes uncertain whet!H*r they formed original 
constituents of the seeds or resulted from hydrolysin. 

As a result of the enzyme hydrolysis of proteins a inixturt* of various 
proteoses is usually prcKlueed (Chittenden and Mundel, 4) which can be 
separated by various methods, such as different solubilities in ammoniutn 
sulphate, alcohol, etc. The albumoses arc* soluble in winter, salt solutions, 
dilute acids and alkalies. They are all precipitated by complete satiira- 
bion with ammonium sulphate, and some by half-saturation with the 
same salt. On the whole, they give the general colmir rt^aetions of the 
proteins, and are precipitated by the protein precipitants, th<nigh soma 
groups of proteoses show certain exceptions. Their solutions are not 
coagulated on boiling. 

The peptones are the only proteins not precipitetcKl by complete 
saturation with ammonium sulphate. They give the protein colour 
reactions and are precipitated by tannic acid and lead acetate. 

Expt 126. ^%paration and reactiam of pr<4etm$» Take I of the globulin 
ed«tin (prepared as in Expt. 133) and put in a flask with KX) c.e. t#f 0‘2% hjclrc^- 
chloric add and warm until as nmeh as |K)»ibia of the wlestin gmm into solution. 
Then cool and add 0-5 gm. d commercial pepsin : add »!»«» a little shake 

and plug with cotton-W(K>L Lmve in an inciSjator at SB'* C. for 4 days. (A control 
experiment should also be made with 100 c.a of 0*2 % hydrcadiloric acid and 
0*5 gm. of pepin. Since ppin itself gives a blu»t r«etioii, a €t>ntrol k tii»<»«ary 
for oomparison in the next expedmenh) The preliminary eliangts In «l«tiii liydro- 
lysk rapid, for ii will be found that if the ^«tin solution Is teteii with sotlium 
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chloride solution even after 24 hours in the incubator, no precipitate will be given 
with sodium chloride, in contrast with the copious precipitate given on the addition 
of salt solution to the unaltered acid solution of edestin (see also Expt. 124). After 
four days, the incubated mixture is neutralized with dilute sodium carbonate 
solution, filtered and saturated while boiling with solid ammonium sulphate. 
A precipitate of proteoses is formed, which can be gradually collected together as 
a sticky mass and removed with a glass rod. Dissolve the precipitate in some hot 
water, filter and make the following tests : 

(a) Xanthoproteic reaction. Add a few drops of nitric acid. It is characteristic 
of most proteoses that a precipitate is formed which disappears on heating and 
reappears on cooling. In the case of the proteoses from edestin, only a slight pre- 
cipitate may be given, but it is increased by adding a little sodium chloride solution. 
The colour is intensified in the usual way by addition of ammonia. 

(Jb) Millon^s reaction. A positive result is given. 

(c) Olyoxylic reaction. A i^ositive result is given. 

{d) Biuret reaction. A pink or pinkish-violet colour is given. 

(«) Sulphur reaetion. A positive result is given. 

(/) Add a little tannic acid solution. A precii^itate is formed. 

{g) Add a drop of copper sulphate solution. A precipitate is formed. 

(A) Add a droj^ of strong acetic acid and then a couple of drops of potassium 
ferrocyanide. A precipitate is formed which disappears on heating and reappears 
on cooling. 

(i) Boil some of the solution. Ko coagulum is formed. 

Expt. 127. Detection of peptone. The saturated solution, from which the proteoses 
have been precipitated, is then filtered and to a measxired quantity (about 5 c.c.) 
twice the volume of 40 Vo sodium hydroxide is added and a drop of 1 Vo copper 
sulphate solution. A pink colour appears, due to the presence of peptone. A test 
should be made with the control solution containing hydrochloric acid and pepsin 
only. An adequate amount should be saturated with ammonium sulphate, filtered 
and 5 c.c. tested for peptone. The reaction is less marked than in the actual hydro- 
lytic product. Concentrate the remainder of the peptone solution on a water- bath 
and pour off* from the excess of ammonium sulphate crystals. Filter and make 
the following tests : (i) Xanthoproteic, (ii) Millon’s, (iii) Glyoxylic, (iv) Tannic acid. 
A positive result is obtained in each case. 


The Seed Peoteins of cbetain Plants. 

The proteins present in the seeds of certain genera and species, upon 
which special investigations have been made, may now be considered. 

It should be home in mind that there are always several proteins 
present in the seed. Some are reserve proteins of the cells of the 
endosperm or of the storage tissue of the cotyledons: others are proteins 
of the protoplasm and nuclei of the tissues of the embryo and of the 
endosperm. 
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PhOTH/NS of (JkHKALS {(iUAMl.yACKAK). 

Ah far an iriv(^Htigati<>nK have gone it may la* said thait the storchy 
seeds of cereaxls iire jmor in iilbnminH and globulins. I'he ehicf rcscu-ve 
proteins belong to th(j peculiair group of proliimins, and a ojiisidorablc 
portion filso consists of glutclins. 

'J'he grain of Wheait {Triticiim vulfmr) contiiins some proteoHi> aind 
a sniiill percciiitege of an albumin, leucosin. A globulin occurs only 
in very small amount. Th<! bulk of the protein consists of gliawlin (a 
prolarniia) aind of glutenin (a glntelin). Nuchmprotcins are present in 
the (unbryo, but there is no gliiidin or glutenin (O.sborne ami oorhees, 1 4). 

KvpL P 28 . E:vtractlon of the protam of tlw Whmti (frain, Ut) Extraoikm of 
alhmnm {Imtcomn) andprotroHe. 'Fakn HK) grnn. of white fhmr (thcs rnmm quantity of 
wheat graiiiK which have lH*.en grouiul in a <;ofree-njill may iwetl, hut tiie estraction 
in this cane in nlower), put the ground inaHH in a largi^ fiitKk or k^aker and ad«l 
250 c.(;. of distilled water. ' the mixture niand for I 4 hrs., shakiiig rna'iwi of laliy. 
Filter off sonie of the liquid, first through muslin and tlien on a filterquuiip. Iteorva 
the residue on the filter and t^^st the filtrate for proteins [Kxpt. 121, (a) 

Boil a second portion of the filtrata (after fiddifjg a dro|> or tw^o of lutcqae f«dd). 
A precjipitfite of the albumin, huK-osin, is formcHl. Filtfu* off this prefhpitjite, cool the 
filtrate and make the protean tests again. All thcj alK>ve tests arc^ giviui by the pniteose 
in solution: in the Cfisis of the xanth(»proteic, the prcHjipitate dimp|H‘fim on heating 
and imppears on tsMding (Kx|)t. 120), Also make the following s|Hx.niil test for 
proteoses (Expt. 120): Add a little {lotassiurn ferrocyanide ftf>lutioif and ftt?etic acid. 
A white precipitate is forniiKl which disfippears on hemtingand n‘a|qH*ar« «ui cooliiig. 

(6) Extraction of the glohtdin, T'ake the r<».Hidue <»f ground wheat and drain on 
a filter-pump. Then extrfU't with 250 c.a of 10 Mi«liunt chloride Mc»Ititlon for 
12 *24 lira. Filter off', first through muslin, and then thmngh paper on a filter- 
pump. Put the extract to dialyy^e in a collodion ilialyzer for 24 hrs. (fc^duol should 
be acided to the liquid in the dialyi^er). Filter off the prtfci|4tate, which will l»e vary 
slight, and dissolve it in a little 10%Hodium chloride. (Thtiugh sr> little gkihnliri is 
present, the ex|Kjrim€mt is instructive for comfmrlsmi with thu amount of 
globulin obteined from many other ^fake the toits for protein [Eipt. 121, 

{a)‘fd)] with the solution (Millon’s ciinnot l>e iwiid on iMXfouiit of the pri«:iiic© of 
chlorides). Also try the effect of (i) kuling the Hcxiium chloride nohition : coiigulation 
is not complete, (ii) luhliiig a little atnd: a pr«.!clpitiite m foniied as in tlificiwa of 
edi^tin. 

(c) Extraction ofglmdin. 'Fake the wheat residue, which has l«iti ftltered frrim 
the sodium chloride stdution, and add 250 c.c. i»f 1)5 % alcohol. Wiirrti on ii water- 
Imth and filter. FvaiN>rate the filtrate, whicli ofuitnins glia<Iiii, on a water Imtii (fff 
letter distil off the alcohol in mieuo). When reduoisl to almiit half its bulk, teke a 
little of the ftltrate and filter. Divide this filtmte mU^ two pirts In To 

one add water: to the other aljsolute alcohol A m^hite pwfidpitAtit of glhidiii Is 
formdl in «»cli case, since it is insoluble in kith water and stwtig alaihol, though 
soluble in dilute alcohol The remainder of the gliadin eitwot is ©va|i 0 rafc«l alinoit 
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tn drjneHK, ainl then poured into a largo vohuuo of dintlllod \vat(ir. A milky precipi- 
tate of gliadiu in fomied which may be made to settle by adding a little solid Hodimu 
chloride and stirring. Filtiu- off tla^ gliatlin aisi dissolve iii 10 acxdic acid. With 
the solution make tlu*. tests for protein [Kxpt. 1 21, (//) {d) \. 

id) Kiijrtaiio/i (tf (jluftuuN. Take half tlu^ wluiat re.si(bie from the alcoholic ex- 
traction, pound well ill a mortar and extract again with warm alcohol andsuhHeqm^itly 
with water. Th<^ rt^.sidne must 1 h? Omh? from water- and alcohobHolubhs proteirm as 
they are alH<» soluhle in alkalies. Then extract the residue with 0*1 <Vo caustic potash 
solution. Filter off the (ixtract whiidi contains tlu*. ghitenin. 'To a portion of the 

filtrate* add sulphurit^ a(;id drop by drop. A precipitat(5 of glutonin is formed. 

Test the remainder of th(^ filtrate for proteins [Fxpt. 121, {ft) {d>)\ 

Thi^ gliadin of wht^at has the peculiar property of coinbining with 
watfu* to form a nticiky uiaHs wiiic^h binds togethcir the particles of 
glutenin, the? whole forming what is gluten. It is this phenomenon 

which gives the sticky ccmsistency and elastic properties to dotigh. 

Ej^pt. 1 2U, 7b detmmnt.raU the fact that gluttm formfUum de/erndn on the pre.mnm 
of f/imd/n. Take two small evaporating dishes. Fill one with ordinary flour. Fill 
the other with flrmr that has Ixm extracted wdth 70 “/o alcohol for two or three days. 
(The alcohol is allowed to stand on tlie wdieafc in the cold. It is tlam pourtui off, and 
morts ad<!ed, and the pnasess re|M5iibMh 'The flour is now dried again, first in air, then 
in the stoaneoven and finally is ground in a niorbir.) A little water is added to 
(*ach of the tlishcs and the. flour worked up into a dough, '’fhis is then allowed to 
Hbtnd for half an hour. The dough consists of gluten (gliadin and glutenin) to which 
the starch «'m 1 Imres. Next take two lamkem, fill with water, and over the top of each 
tie a niUHliii cover, l*\mm the t wo mmphw of dougli on th<j muslin on the two lH$a.kerH, 
and rub gently with a glass rrsl. The sbmli will be washed away into the lajakers. In 
the cjarni of the nonnal flour a sticky mass of gluten will remain. In the other case 
there will lai no gluten on account of the absene«i of gliadin. To the HUH|>enHion of 
standi in the iHsaker iMltl sonn^ imiine sohitkm, anti it will turn a deep hluedilack colour. 

In the Barhty (Htmhtim mikpire) gmin, small percento-ges of an 
albumin, apparently identical with hnuiosin, and of a globulin, barley 
edestin, are presemt, together with mnna proteosii. Thc^ main protein is 
a proliimin, hordtdri, very iitnilar to, but not identical with, gliadin. 
There is no well-defiiMd gliitelin (Osborne, 9). 

EspL Kid. EMmHmi of ike pmtdm of the Barley grain, {a) Extraction of the 
idbumim rmd pmimme, Orind up W) gwm of Imrley grains in a coiba-mill, or use 
preforaldy Imrlcy iour. Add 2M) c.c. of distilled water tfi the ground mml, anc.i 
allow til# mixture to stand for 1-4 hrs. Filter oi* tha axtrimt, fi.wt through muslin 
and tiMiri tlircitigli filtor»|m|Mr. TIms eitraot will oontein a small quantity of tb© 
albumin, liMictwIii, and |iri>tcMm With the filtrate make tli© tessts for proteins 

121, («m]. 

Boil a second ifortiori of the filtrate, A white iwwcipitate of the coagulated pro- 
tein is fonned. Filter off the precipitate, cool the filtrate containing the jwi>totj»e 
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and test for proteins. All the tests will be positive : in the case of the xanthoproteic, 
the precipitate disappears on heating and reai^pears on cooling, a characteristic of 
proteoses (Expt. 126). Make also the special test for proteoses : Add a little potas- 
sium ferrocyanide and acetic acid. A white precipitate is formed which disappears 
on heating and reappears on cooling. 

(b) Extraction of the globulin. To the barley residue, after extraction with 
water, add 250 c.c. of 10% sodium chloride and allow the mixture to stand for 
12-24 hrs. Pilter first through muslin and then filter-paper, and put the extract 
to dialyze for 24 hrs. Filter off the precipitate of globulin which will have formed, 
and take it up into solution again in as small a quantity as possible of 10 <^/o sodium 
chloride. Make with the solution the following tests : (i) The usual (except Millon’s) 
tests for proteins [Expt. 121, {a)-{d)] : these will give positive results, (ii) Boil a little 
of the solution : imperfect coagulation will take place, (iii) Add a little acid : a pre- 
cipitate is formed, as is usual with plant globulins. 

(c) Extraction of the prolamin^ hordein. The residue, after the sodium chloride 
extraction, is then extracted with 250 c.c. of warm 95 alcohol. Filter, and con- 
centrate the filtrate on a water-bath (or better, distil in vacuo). After concentration,, 
test a little filtered extract as follows: i^our a few drops into (1) absolute alcohol, 
(2) distilled water. A white precipitate of hordein is produced in each case, since,, 
like gliadin, it is insoluble in both strong alcohol and water, but soluble in dilute 
alcohol. Then pour the whole extract into a large volume of water. The protein is 
precipitated as a fine white suspension, but will settle out more readily if a little 
solid sodium chloride is added. Filter off the hordein, and dissolve in 1 % acetic acid.. 
Make the usual protein tests [Expt. 121, (a)-(c^)] ; there will be a positive result in 
each case. 

In the Rye {8ecale cereale) grain there are small percentages of 
proteose, and of leucosin and edestin. The greater part of the protein 
is gliadin, said to he identical with that in wheat. 

In the Maize {Zea Mays) grain there is apparently no true albumin, 
though there is some proteose. There are small quantities of globulin,, 
but the greater part of the protein is a prolamin, termed zein, and a 
glutenin (Osborne, 10). 

Expt. 131. Extraction of proteins of the Maize grain, (a) Extraction of proteins 
soluble in water. Grind up 100 gms. of maize grains in a coffee-mill, or preferably us© 
maize meal. Add 250 c.c. of water and allow the mixture to stand 1-4 hrs. Filter 
off, first through muslin, and then filter-paper. The filtrate contains proteose and 
probably a little globulin which has gone into solution owing to the presence of salts 
in the seed. Make the usual tests for protein [Expt. 121, (a)-(<f)]* 

Boil another portion of the filtrate. Some coagulation of protein will take place. 
Filter, cool the filtrate and test for protein [Expt. 121, (a)-^(c?)]. Positive results will be 
given by the proteose present. Make also the special test for proteoses : Add a little 
potassium ferrocyanide and acetic acid. ' A white precipitate is formed, which dis- 
appears on heating and reappears on cooling. 

(6) Extraction of glohuUn. The residue, after water extraction, is next treated 
with about 250 c.c. of 10 % sodium chloride solution for 12-24 hrs. Filter, first 
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through muslin, and then through filter-paper. Dialyze the extract for 24 hrs. Then 
filter oj0F the precipitate of globulin which will have separated out, and dissolve 
in 10 % sodium chloride. Make with the solution the following tests : (i) The usual 
(except Millon’s) tests for proteins [Expt. 121, {a)-{d )'] : these will give positive results, 
(ii) Boil a little of the solution : imperfect coagulation takes place, (iii) Add a little 
acid : the protein is precipitated. 

(c) Extraction of the prolamine zein. The residue after salt extraction is then 
extracted with 250 c.c. of hot 95 alcohol. Filter, and concentrate the filtrate, 
which contains the zein, on a water-bath (or, better, distil in vacuo). Pour a few 
drops of the concentrated extract into (1) absolute alcohol, (2) distilled water. As 
in the case of gliadin and hordein, a precipitate of zein will be formed. Then pour 
the whole extract, after evaporating to a small bulk, into excess of distilled water, 
and add a little solid sodium chloride. The precipitate of zein will slowly settle, and 
can be filtered off. Zein is not readily soluble in acids and alkalies. Hence Millon’s 
and the xanthoproteic te.sts should be made on the solid material. Zein does not 
contain the tryptophane nucleus. To demonstrate this, the glyoxylic reaction should 
be made by shaking up some solid zein in reduced oxalic acid and adding sulphuric 
acid and mixing. No purple colour is formed. 

{d) Extraction of glutenin. Take about half of the residue after the alcoholic 
extraction, pound in a mortar, and extract again with alcohol. Then extract the 
residue with OT caustic potash solution. Filter off the extract which contains 

N 

the glutenin. To a portion of the filtrate add sulphuric acid drop by drop. 

A precipitate of glutenin is formed. Test the remainder of the filtrate for proteins 
[Expt. 121, {a)^{d)]. 

Proteins of Leguminous Seeds (Legum/nosae). 

In the Leguminosae, which are starchy seeds, the chief reserve 
proteins, as contrasted with those of cereals, are globulins. The various 
proteins occurring may be enumerated as : 

Legumin. A globulin which forms the chief protein in the seeds of 
the Broad Bean {Vida Fabaf the Pea {Pimm sativiimi), the Lentil 
{Ervum Lem) and the Vetch {Vida saliva), Legumin itself is soluble 
in water, but occurs as salts which are insoluble in water and soluble 
in saline solutions. Some portion can be extracted from the seed by 
water only. 

VicRin. A globulin occurring in smaller quantities than legumin 
and found only in the Pea, Bean and Lentil seeds. 

Phaseolin. A globulin forming the bulk of the protein of the 
Kidney Bean (Phaseolas vulgaris). 

Conglutin. A globulin forming the bulk of the protein in Lupin 
{Lupinus lutem) 
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Legumelin. An albumin found in small quantities in the Pea, 
Broad Bean, Vetch and Lentil. 

Phaselin. An albumin found in small quantity in the seeds of the 
Kidney Bean (Phaseolus vulgaris). 

Small quantities of proteoses are found in most of the above seeds. 

132. Extraction of the ‘proteiyu of the Pea (Pisuni sativum) (Osborne and 
Campbell, 11, 12; Osborne and Harris, 13). As we have seen (Expt. 121), a certain 
amount of protein, including globulin, goes into solution when ground peas are ex- 
tracted with water. A more complete method of extraction is as follows. Grind in 
a coffee-mill 20-30 gms. of peas, add to the ground mass 50-60 c.c. of 10 sodium 
chloride solution and allow the mixture to stand for 1-2 hrs. Then filter off and 
saturate the filtrate with solid ammonium sulphate. The globulins, legumin and 
vicilin, are precipitated out. Filter off the precipitate, and then take up in dilute 
ammonium sulphate satimated) and add saturated ammonium sulphate in the 
proportion of 150 c.c. to every 100 c.c. of the solution saturation). The legumin 
is precipitated and can be filtered off Saturate the filtrate with ammonium sulphate : 
the vicilin is precipitated and can be filtered off. Dissolve up a little of each preci- 
pitate in 10 o/o sodium chloride, and boil. The vicilin is coagulated, but the legumin is 
not. Then dissolve up the remainder of the precipitates in dilute ammonium sulphate? 
and test both the solutions for protein by the usual reactions [Expt. 121, (a)--{d)\ 

The albumin, legumelin, which occurs only in small quantities in the seeds, can 
be obtained by dialyzing a water extract of the ground peas until all the globulin is 
precipitated. On filtering and heating the filtrate, a coagulum of legumelin is formed. 

Proteins of fat-containino Seeds. 

Of the seeds which contain fat as a reserve material, those investi- 
gated have been found, in contrast to the cereals, to contain largely 
globulin as reserve protein. In many cases these globulins have been 
obtained in crystalline form after extraction from the plant. 

The Hemp-seed (Cannabis sativa) contains one of the best-known 
crystalline globulins, namely edestin. Pure neutral edestin is insoluble 
in water but soluble in salt solutions. In the presence of acid, however, 
edestin forms salts which are insoluble in salt solutions. Hence a 
solution of edestin in sodium chloride is precipitated by even small 
quantities of acids, and, conversely, a solution of edestin in acid is 
precipitated by small quantities of salt (Osborne, 8). 

Expt. 133. Extraction and crystallization of edestin from Hevip-seed. Take 50 gms, 
of hemp-seed and grind in a coffee-mill. Put the ground seed in a large evaporating 
dish and add 200 c.c, of 5 sodium chloride solution. Heat with a small flame and 
stir constantly. A thermometer should be kept in the dish, and the liquid must not 
rise above 60'' 0. FEter off, in small quantities at a time, keeping the solution in the 
dish warm. On cooling, the edestin separates out from the filtrate more or less in 
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crystals. To obtain better crystals, filter off the edestin that has been deioosited, and 
pour the filtrate into a dialyzer; add a little toluol, and suspend the dialyzer in 
running water. As soon as it is cloudy, examine the dialyzed solution for cr^^stals 
under the microscope. Add a little 5^/o sodium chloride solution to the original 
precipitate of edestin in the filter. Make with the filtrate the following tests: 
(i) The tests for proteins [Expt. 121, {a)-{d\ except Millon’s]. (ii) Boil a little of the 
solution : it is imi)erfectly coagulated, (iii) Add a little acid : edestin chloride is 
precipitated. 

In the Castor-oil seed {Ricinus communis) there is also present a 
globulin which can be obtained in a crystalline form by the method of 
Expt. 134. In addition, there is present an albumin, ricin, which has 
peculiar toxic properties (Osborne, 8). 

A well-crystallized globulin can be obtained from the Linseed (Linum 
usitatissimum), and a globulin, excelsin, from the Brazil nut {Bertholleticv 
excelsa) also in crystalline or semi-crystalline form. Similar globulins 
can be extracted from a number of other seeds, i.e. Coconut (Cocos 
nucifera)^ Sunflower (Helianthus anmciis), Cotton-seed (Gossypium her- 
baceum), Mustard-seed (Brassica alba) and many others. The fat is first 
removed from the ground seed by ether or benzene ; the residue is then 
extracted with dilute sodium chloride and the extract dialyzed, 

Bxpt 134. Extraction of the glohdinfrom Ricinus. Weigh out about 50 gms. of 
Ricinus seeds, take off the testas and pound in a mortar. Extract the oil by the 
method given in Expt. 82. After extracting the oil, grind up the residue again in a 
mortar, and then treat it with about twice its bulk of 10 % sodium chloride solution 
for 6-12 hrs. Pilter successively through muslin and filter-paper and dialyze the 
filtrate. The globulin will be precipitated in semi-crystalline spheroids. When 
the bulk of the globulin has separated out, filter off* the precipitate, and dissolve it 
in as dilute a sodium chloride solution as possible. Make the following tests with 
the solution: (i) The tests for proteins [Expt. 121, {a)-{d\ except Millon’s]. (ii) Boil 
a little of the solution : the coagulation is not complete, (iii) Add a little hydrochloric 
acid : a precipitate is formed. 

Expt. 135. Extraction of the globulin from Linseed (Osborne, 7, 8). Weigh out 
about 50 gms. of Linseed and grind it in a coffee-mill. Extract the oil as in Expt. 82. 
Treat the residue with about twice its bulk of 10 % sodium chloride solution for 
6-12 hrs. Then filter through muslin and filter-paper, and dialyze the filtrate. 
Th^ globulin separates out in octahedra. Filter off the protein, and take up in 
dilute sodium chloride. Test the solution as in the case of Ricinus globulin in the 
previous experiment. 

Expt. 136. Extraction of the globulin {exedsin) from the Brazil nut (Osborne, 8). 
Weigh out about 100 gms. of the nut, free from the testas, and, after pounding in a 
mortar, extract the oil by the usual method. Then proceed as in the two previous 
experiments. The protein separates out in semi-crystalline spheroids. Filter off the 
precipitated excelsin, and dissolve in dilute sodium chloride solution. Make with 
it the tests as for the globulins in the last two experiments. 
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The Amino-acids. 

There is every reason to believe, since they always arise in hydrolysis 
of proteins, that amino-acids are universally distributed in the plant. 
It is, however, difficult to isolate and detect them, except in certain 
special cases, as, for instance, in germinating seeds when a large store 
of protein is being rapidly hydrolyzed and translocated. The following 
is a short account of the occurrence of some of the amino-acids in the 
free state (see also p. 120). 

Valine has been isolated from seedlings of the Vetch (Facm), Lupin 
(Liipinus) and Kidney Bean (Phaseolus). It is present in larger amounts 
in etiolated seedlings of Lupin than in the green plants. 

Leucine is widely distributed. It has been isolated from seedlings 
of Vicia, Vegetable Marrow (Gucurbita), Lupinus, Pea (Pisiim) and 
Goosefoot (Chenopodium), It has also been found in Phaseolus, Water 
Ranunculus {Ranunculus aquatilis), buds of Horse Chestnut {Aesculus 
Hippocastanum) and in small quantities in Potato tubers and other 
plants. 

Isoleucine has been extracted from seedlings of Vicia saliva. 

Aspartic acid. The amide of this acid, i.e. asparagin, 

CONH2 • CHs • CHNH2 * COOH 

is widely distributed in plants. It is present in shoots of Asparagus 
from which it derives its name. It has also been extracted in very 
considerable quantities from etiolated seedlings of Vida, Lupin, and from 
various plants such as Potato, Dahlia, Garden Nasturtium (Tropaeolum), 
Gucurbita and Sunflower {Helianthus). 

Glutaminic acid. The amide, again, of this acid, i.e. glutamine, 
CONH2 * CHg • CHg • CHNHg • COOH 

is widely distributed. It has been isolated from seedlings of Gucurbita, 
Lupinus, Helianthus, Castor-oil plant {Ricinus), Spruce Fir {Picea excelsa) 
and a number of Cruciferae. 

Arginine has been isolated from seedlings of Lupinus, Gucurbita, 
Vicia, and Pisum. It is especially abundant in the seedlings of some 
Coniferae, i.e. Picea excelsa. Silver Fir {Abies pectinata) and Scotch Fir 
{Pinus sylvestris). It also occurs in roots and tubers, as for instance in 
those of the Turnip {Brassica campestris). Artichoke {Helicmthus tvhero- 
sus). Chicory {Oichorium Intyhus), Beet {Beta vulgaris). Potato and 
Dahlia, and in the inner leaves of the Cabbage {Brassica oleracea). 
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Lysine has been isolated from seedlings of Lupinus, Vida and 
Pisum, Also from the inner leaves of the Cabbage and tubers of the 
Potato. 

Phenylalanine has been isolated from seedlings of Lupinus luteus, 
Vida sativa and Phaseolus vulgaris. 

Tyrosine is very widely distributed. It is present in seedlings of 
Vida sativa, Gucurbita, Lupinus, Tropaeolum and tubers of Potato, 
Turnip, Dahlia, Beet and Celery. Also in berries of Elder (Sambuous), 
in Clover {Trifolium), Bamboo {Bambusa) shoots and other plants. 

Proline has been isolated in very small quantities from etiolated 
seedlings of Lupinus albus. 

Histidine has been isolated from seedlings of Lupinus and tubers of 
Potato. 

Tryptophane has been isolated from seedlings of Lupinus albus and 
Vida sativa. 

The PEOTEA.SES. 

We have seen in the previous pages that proteins can be hydrolyzed 
artificially with the intermediate production of proteoses and peptones, 
and the final production of a number of amino-acids. There is no doubt 
that this process of hydrolysis takes place in the living plant, and it is 
believed that the converse process, the synthesis of these proteins from 
amino-acids, also takes place in the cell. 

There is evidence that this hydrolysis of proteins is catalyzed by 
certain enzymes which have been termed proteases. On analogy with 
other enzymes, we may suppose that these enzymes also catalyze the 
synthesis of the proteins. 

It seems highly probable that the proteases are of two types : 

1. Pepsin-like enzymes, which catalyze the hydrolysis of proteins to 
peptones, and, in all probability,, the reverse process. 

2. Erepsin-like enzymes, which catalyze the hydrolysis of albumoses 
and peptones to amino-acids, and, in all probability, the reverse process. 

We now turn to the evidence for the existence of proteases. In 
autolysis (see p. 19) the hydrolytic activity of many enzymes is un- 
controlled, and in the case of the proteins, the amino-acids are formed 
as end-products. Amino-acids are rarely present in plants in sufficient 
quantity to be detected readily, at any rate in small quantities of 
material, but if the tissues are put to au tolyze at temperatures of 38-410° 0., 
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the amino-acids then accumulate and can be detected. Of all the amino- 
acids the one which is most readily identified is tryptophane. If the autolyzed 
product is boiled, acidified and filtered to remove the remaining proteins, 
and, to the filtrate, bromine is added, drop by drop, the formation of a 
pink or purple colour will indicate the presence of free tryptophane, and 
hence it may be assumed that protein-hydrolysis has taken place. 

Probably the formation of amino-acids in autolysis is a universal property 
of plant tissues, for tryptophane has been detected on autolysis of many 
different parts of plants. Examples are the germinating seeds of the 
Bean (Vicia Faba), Scarlet Runner (Phaseolus multiflorus), Pea {Pisum 
sativum), Lupin (Lupmus hirsutus) and the Maize (Zea Maps) : and in 
ungerminated seeds of the above, though less readily. It is also said to 
be formed on autolysis of leaves of Spinach {Spinacia), Cabbage (Rramca), 

Nasturtium (Tropaeolum majus), Scarlet Geranium (Pelargoniicm zonale)^ 

Dahlia {Dahlia variabilis) and others : also of fruits of Melon {Cucumis 
Melo), Cucumber {Cucumis sativus), Banana {Musa sapiehtum). Tomato 
{Ly coper sicum esculentum) and others: of bulbs of the Tulip {Tulipa), 

Hyacinth {Hyacinthus orientalis) and underground roots of Turnip 
{Brassica), Carrot {Daucus Garota) and Beet {Beta vulgaris) (Vines, 

16-24 ; Blood, 3 ; Dean, 5, 6). 

Exyt 137. The formation of tryptophane on autolysis of resting seeds. Grind up 
in a coffee-mill 15 gms. of Mustard {Brassica alba) seed. Transfer to a flask, and add 
100 c.c. of distilled water and about 2c.c. of toluol. Plug the mouth of the flask 
with cotton- wool and put in an incubator for 3 days. Then filter off’ the liquid, boil 
the filtrate and add a few drops of acetic acid. Filter off any precipitate formed, 
cool the filtrate and add bromine water slowly and carefully drop by drop, shaking 
well after each drop. A pink or purple colour denotes the presence of tryptophane. 

Excess of bromine will destroy the colour. Then shake up with a little amyl 

alcohol. The purple colour will be extracted by the amyl alcohol which will rise to the ^ 

top of the water solution. A control experiment should be made using 10 gins, of 

seed which has been well boiled with water in an evaporating dish. 

It has been assumed that the formation of amino-acids from proteins 
on autolysis is the outcome of two processes, the hydrolysis of proteins 
to peptones by pepsins, and the hydrolysis of peptones to amino-acids 
by erepsins. 

The next point to be considered is the possibility of detecting these 
two classes of enzymes separately. If either the pulp, or water extract, 
of various plant tissues be added to peptone solution and allowed to 
incubate at 38° 0., tryptophane can be readily detected after a day or 
two* This has been found to be true for the tissues of many seeds, 
seedlings, roots, stems, leaves and fruits (such as those already mentioned i 


VIIl] 


THE PROTEINS AND PROTEASES 


139 


above and others); the result indicates the wide distribution of an 
erepsin type of enzyme. The detection of this enzyme is facilitated 
by the addition of the artificial supply of peptone. 

E^xjpt, 138. The detection of erepsins in plants. 

(a) In resting seeds. Grind up 10 grns. of seeds in a coffee-mill, and add 100 c.c. 
of water, 0*2 gm. of Witte’s peptone and a little toluol. Incubate for 2-3 days. The 
following seeds may be used : Hemp {Cannabis satira\ Castor-oil {Ricinus communis)^ 
Pea (Pmm sativum)^ Scarlet Eunner (Phaseolus mitltiflorus)^ Broad Bean {Vida 
Fabd) and fruit of Wheat {Triticum rulgare). Test for tryptophane. Controls 
should be made in these and the following cases. 

{h) In germinating seeds. Take 10 germinating peas, pound in a mortar, add 
100 c.c. of distilled water, 0*2 grn. of Witte’s peptone, and a little toluol. Incubate 
for 3 days. Test for tryptophane. 

(c) In leaves. Pound up a small cabbage loaf, add 100 c.c. of water, 0*2 gm. of 
Witte’s peptone and a little toluol. Incubate for 3 days. Test for tryptophane. 

{d) In roots. Pound up about 20 gms. of fresh carrot root. Add about 100 c.c. of 
water, 0*2 gm. of Witte’s peptone and a little toluol. Incubate for 3 days. Test for 
tryptophane. 

The pepsin type of enzyme is less readily detected. It has long 
been known that the pitchers of the Pitcher-plant {Nepenthes) secrete 
an enzyme which digests fibrin. A few other cases of protein-digesting 
enzymes are well known, such as the so-called ''bromelin’' from the fruit 
of the Pine-apple {Ananas sativ'us)f'cmA.eixi from the latex and fruit of 
the Fig {Ficus) and '' papain ” from the fruit and leaves of the Papaw 
Tree {Garica Papaya). Such enzymes were formerly termed ‘'vegetable 
trypsins” as they were thought to be of the type of animal trypsin which, 
alone, hydrolyzes proteins to amino-acids. On analogy with the results of 
research with other enzymes, it seems likely that “ papain,” “ cradein ’’ 
and “ bromelin are all mixtures of pepsin and erepsin. In addition to 
these better known cases, it has also been stated that fibrin is digested 
by extracts or pounded pulp of the fruits of the Cucumber and the 
Melon, the “ germ ” (embryo) of Wheat, the bulbs of Tulip and Hyacinth, 
the seedlings of the Bean, Pea, Scarlet Runner, Lupin and Maize, and 
the ungerminated seeds of the Pea, Lupin and Maize. These have also 
been shown to contain erepsin. 

A separation of pepsin from erepsin has been achieved in the case 
of the seeds of the Hemp {Cannabis sativa) by means of the different 
solubilities of the two enzymes in water and salt solutions. 

Fa^pt. 139. The extraction and the s^aration of the two enzymes, erepsin and 
p^dn, from Hemp-seed (Cannabis sativa) (Vines, 22). Weigh out 50gms. of hemp-seed, 
grind it in a coffee-mill and extract with 250 c.c. of lO^/o sodium chloride solution. 
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Allow the mixture to stand all night and then filter. Both operations should be 
carried out at as low a temperature as possible. Measure the filtrate, and add acetic 
acid to the extent of 0*2%. A dense precipitate is formed. Filter again, keeping as 
cool as possible. 

The acid filtrate contains the erepsin, but not the pepsin. Measure out 40 c.c. 
into each of three small flasks, and add the following: (i) 0*2 gm. of Witte’s 
peptone, (ii) the same, only boil the whole solution, (iii) 0*2 gm. of carmine fibrin b 
Add a little toluol to all three flasks, plug with cotton-wool, and incubate for three 
to four days. Test for tryptophane in flasks (i) and (ii) ; the first gives a marked 
reaction, the second little or no reaction. The fibrin in (iii) will remain unaltered. 

The precipitate produced by the acetic acid is then washed on the filter twice 
with 100 c.c. of 10 o/o sodium chloride solution, containing 0*2 o/o acetic acid, to 
remove traces of erepsin. The precipitate is then treated with about 70 c.c. of 
water, allowed to stand for a time, and then filtered. The filtrate is divided into 
three equal portions. Add the following respectively : (i) 0*1 gm. of carmine fibrin, 

(ii) the same, but the solution is boiled, (iii) 0*2 gm. of Witte’s peptone. Add a 
little toluol to all three flasks, plug with cotton-wool and incubate for 3-4 days. 
The fibrin will be seen to digest slowly in flask (i) : (ii) will show no digestion, and 

(iii) will give no tryptophane reaction. 
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CHAPTER IX 


GLUGOSIDES AND GLU COSIDE-SPLITTING ENZYMES 

Attention has been drawn to the fact (Chapters v and vii) that in the 
plant, compounds containing hydroxyl groups often have one or more of 
these groups replaced by the CeHnOg — residue of glucose. Such com- 
pounds are termed glucosides. The substances in which this substitution 
most frequently occurs are of the aromatic class, and the glucosides may 
be regarded, on the whole, as ester-like compounds of carbohydrates 
with aromatic substances. The non-sugar portion of the glucoside may 
vary widely in nature, and may be, for instance, an alcohol, aldehyde, 
acid, phenol, flavone, etc. The sugar constituent is most frequently 
glucose, but pentosides, galactosides, mannosides and fructosides are also 
known. Sometimes more than one monosaccharide takes part in the 
composition of the glucoside. (These various relationships are shown in 
the accompanying table.) The inclusion of all glucosides in a class is 
in a sense artificial: the character held in common (with very few 
exceptions) is that, on boiling with dilute acids, or, by the action of 
enzymes, hydrolysis takes place, and the glucoside is split up into 
glucose (or other sugar) and another organic constituent. A number of 
compounds occurring as glucosides have already been dealt with, for 
example, the tannins and flavone, flavonol and anthocyan pigments, but, 
in these cases, the significance of the compounds lies rather in the 
nature of their non-sugar constituents than in the fact of their being 
glucosides. 

There are, however, a number of glucosides which have been grouped 
-together and are more readily classified in this way than in any other. 
Some of them, doubtless, have come into prominence as glucosides on 
account of their association with well-known and specific enzymes, as, 
for instance, the glucoside amygdalin associated with the enzyme emul- 
sin, and the glucoside sinigrin with the enzyme myrosin. 

The hydrolyzing enzymes are by no means always specific, for in 
vitro one particular enzyme may be able to hydrolyze several glucosides. 
Many glucoside-splitting enzymes have been described, though there is 
no reason to suppose that each glucoside is only acted upon by ^ 
enzyme specific to that glucoside. It is likely moreover that some of 
the different enzymes described will probably prove to be identical 

In some cases where more than one monosaccharide is attached to 
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the glucoside, the different sugar groups are removed separately hy 
different enzymes (see later, emulsin, p. 145). 

The glucosides as a Avhole (except flavone, flavonol and anthocyan 
pigments) are colourless crystalline substances. When extracting them 
from the plant, it is usually necessary to destroy the accompanying 
enzyme by dropping the material into boiling alcohol or some other 
reagent (see autolj^sis, p. 19). 

In Chapter V it has already been mentioned that cZ~glucose exists in 
two stereoisomeric forms, the a and the yS form. 

It was also pointed out that the glucosides can be classed either as 
a- or /3-glucosides, according to whether the a or the form of glucose 
combines with the non-glucose residue. 



H— C— OH H— C— OH 


CH2OH CHyOH 

a-gliicoside i8-glucoside 

Maltose, for instance, is regarded as an a-glucoside of cZ-glucose. It 
has been further shown that the enzyme maltase can only hydrolyze 
a-glucosides, whereas other enzymes, e.g. the prunase component of 
emulsin, only act on j8-glucosides. 

The various glucosides considered in detail in this chapter together 
with some others are grouped under the following headings (Arm- 
strong, 3) : 


Glucoside 

1 Plant in which commonly 
found 

i 

1 Products of hydrolysis 

Alcohols 

Coniferin 

(Coniferae, Beta^ AsparaguB^ 

Glucose + coniferyl alcohol 


Bcorzomra) 

Populin 

(Populm) 

Populus) 

Glucose + saligenin + benzoic acid 

Salicin 

Glucose 4- saligenin 

Syringin 

(Ligustnm, Byringa, Jasmi- 

Glucose 4” syringenin 


num) 

Aldehydes 

Amygdalin 

(Pmnus, Pyrm) 

Glucose 4- benmldehyde 4- prussic 
acid 

Dhurrin 

•{Sorghum) 

Glucose 4 - parahydroxybenzaldehyde 

4- prussic acid 

Linamarin 

i {Linuvn^ Phmeolm) 

Glucose 4- acetone 4- prussicacid i 
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Glu coside 


Plant in which commonly 
found 


Prulaurasin 

Pmnasin 

Sambunigrin 

Vicianin 


{Prumis) 

{Gerasus, F7'umis) 
(Sambucus) 

( Vida) 


Products of hydrolysis 
Aldek^jdes (cont.) 

Glucose + benzaldehyde + prussic 
acid 

Glucose H- benzaldehyde + prussic 
acid 

Glucose + benzaldehyde + prussic 
acid 

Yicianose +■ benzaldehyde + prussic 
acid 


Gaultherin 

Strophanthin 


(Gaidtheriay Spiraea) 
{Strophanthus) 


Adds 

Glucose H- methyl salicylate 
Mannose + rhamnose+ strophanthi- 
din 


Arbutin 

Hesperidin 

Naringin 

Phloridzin 


(Ericaceae) 
( Citrus) 
{Citrus) 
(Eosaceae) 


Aesculin 

Fraxin 


{Aesculus) 

{Fraxinus) 


Phenols 

Glucose + hydroquinone 
Glucose -f rhamnose + hesperetin 
Glucose -f-rhamnose -+• narigenin 
Glucose -+• phloretin 

Goumarin derivatives 
Glucose + aesculetin 
Glucose + fraxetin 


Glucotropaeolin 

Sinalbin 

Sinigrin 


( Tropaeolnnij Lepidium) 
{Brasdca alba) 

{Brassiea nigra) 


Mustard-oils 

Glucose H- benzyl isothiocyanate ■+• 
potassium hydrogen sulphate 
Glucose-f sinapin acid sulphate -f- 
acrinylisothiocyanate 
Glucose -f allyl isothiocyanate 4* 
potassium hydrogen sulphate 


Apiin 

Isoquercitrin 

Lotusin 

Myricitrin 

Quercitrin 

Robinin 

Rutin 


Cyanin 

Delphinin 

Malvin 

Oenin 

Peonin 

Pelargonin 


(Carum) 

{Oossypium) 

{Lotm) 

{Myrica) 

{QuercuSj Fraxinus, Tkea) 
(pobinia) 

{Ruta, Capparis, Polygonum) 


Flavone and flavonol pigments 
Apiose +• apigenin 
Glucose 4- quercetin 
Glucose -p prussic acid 4- lotoflavin 
Rhamnose -f myricetin 
Rhamnose 4- quercetin 
Rhamnose 4- galactose -f- kaempferol 
Glucose 4- rhamnose + quercetin 


(Gentaurea, Rosa) 
{Delphinium) 

{Malva) 

( Vitis) 

{Paeonia) 

{Pelargonium, Centaurea) 


Ardkocyan pigments 
Glucose 4- cyanidin 
Glucose 4- oxy benzoic acid 4- delphi - 
nidin 

Glucose 4 - malvidin 
Glucose 4- oenidin 
Sugar 4* peonidin 
Glucose 4'pelargonidin 


Aucubin 

Dimtalin 

Indican 


{Aucuba, Flantago) 

{Digitalis) 

{Indigofera) 


Various constituents 
Glucose 4“ auoubigenin 
Glucose 4- dmtalose 4- digitaligenin 
Glucose 4* indoxyl 
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Cyanophoric Glucosides. 

The characteristic of these substances is that they yield prussic acid 
as one of the products of hydrolysis. They are fairly widely distributed: 
the following list (Greshoff, 15) includes most of the natural orders in 
which such glucosides occur: Araceae, Asclepiadaceae, Berberidaceae, 
Bignoniaceae, Caprifoliaceae, Celastraceae, Compositae, Convolvulaceae, 
Cruciferae, Euphorbiaceae, Graminaceae, Leguminosae, Linaceae, 
Myrtaceae, Oleaceae, Passifloraceae, Ranunculaceae, Rhamnaceae, 
Rosaceae, Rubiaceae, Rutaceae, Saxifragaceae, Tiliaceae and Urticaceae. 

Amygdalin. This is one of the most important of the cyanophoric 
glucosides. It occurs in the seeds of the bitter Almond (Primus 
Amygdalus) but it appears to be almost entirely absent from the sweet 
or cultivated Almond. It also occurs in the seeds of the other species of 
Prunus — the Plum (P, domestica), the Peach (P. Persica), etc. — of the 
Apple (Pyrm Malus) and the Mountain Ash (P. Aucuparia). It occurs 
sometimes in leaves, flowers and bark. • 

By the action of an enzyme, originally termed emulsin, which occurs 
in both the bitter and the sweet varieties of Almond, the glucoside is 
broken up as follows in two stages: 

OgoHgrNOji -I- H 2 O = C(jH220g 4- Cj4Hj7NO(j 

mandelonitrile glucoside (prunasin) 

CnHiyNOg + H2O = CgHigOg +• HCN + CgHgCHO 

benzaldehyde 

It should be noted that the sweet Almond contains emulsin although 
it is almost entirely free from amygdalin. 

Recently (Armstrong, Armstrong and Horton, 8) emulsin has been 
shown to consist of two enzymes, amygdalase and prunase : amygdalase 
hydrolyzes amygdalin with formation of mandelonitrile glucoside and 
glucose, whereas prunase hydrolyzes mandelonitrile glucoside (prunasin) 
with formation of benzaldehyde, prussic acid and glucose. On the basis 
of these reactions amygdalin is represented as: 


CH2OH CHOH CH CHOH CHOH CH • O * CHgCHOH CH CHOH CHOH CH • O • CH 


Prunasin occurs naturally in the Bird Cherry (Oerasm Padus), and 
it is found that prunase may exist in a plant, e.g. Cherry Laurel 
(P. Lawrocermus), which does not contain amygdalase. 
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Pnilanrasin {la'wrocerasin) is a glucoside occurring in the leaves of 
the Cherry Laurel {Primus Laurocerasus). It has been represented as 
racemic mandelonitrile glucoside, prunasin being the dextro form. 

Sambunigrin is a glucoside occurring in the leaves of the Elder 
{Sambuciis nigra). It has been represented as laevo mandelonitrile 
glucoside. 

When tissues containing cyanophoric glucosides and their corre- 
sponding enzymes are submitted to autolysis, injury, or the action of 
chloroform, hydrolysis takes place (see autolysis, p. 19). A rapid 
method (Mirande, 17; Armstrong, 5) for detecting the prussic acid is to 
insert paper dipped in a solution of sodium picrate into a tube con- 
taining the plant material together with a few drops of chloroform. In 
the presence of prussic acid the paper becomes first orange and finally 
brick-red owing to the formation of picramic acid. 

In addition to those previously mentioned there are other British 
plants, the leaves of which give off prussic acid on autolysis (presumably 
from cyanophoric glucosides), as for example the Columbine {Aquilegia 
vulgaris). Arum {Arum maculat%im), Hawthorn {Crataegus Oxycccantha), 
Reed Poa {Glyceria aquatica), Bird's-foot Trefoil {Lotus corniculatm), 
Alder Buckthorn {Ehammis Frangula), Black and Red Currant and 
Gooseberry {Bibes nigrum, R. rubrum, R. Grossularia), Meadow Rue 
{Thalictruin aquilegifolium) and the Common and Haiiy Vetches ( Vicia 
sativa and V. hirsuta). 

It has been shown (Armstrong, 7) that of the species L. corniculatm 
there is a variety {L. uliginosus) (taller and growing in moister 
situations) which does not produce cyanophoric substances and hence 
does not give off prussic acid on autolysis. 

Exfi. 140. Method of detection of cyanophoric glucosidcB in the plant Take three 
flasks : in one put a whole leaf of the Cherry Laurel {Prunus LamoeeramB) : in the 
second a leaf which has been torn in pieces and then either pricked with a needle or 
pounded in a mortar : in the third a leaf with a few drops of chloroform. Cork all 
three flasks, inserting with the corks a strip of sodium picrate paper. (The paper m 
prepared in the following way : strips of filter-paper are dipped in a 1 solution of 
picric acid, are then suspended on a glass rod and allowed to dry in air. Before 
using, the paper is moistened with 10 7o sodium carbonate solution and is suspended 
in the moist condition just above the naaterial to be examined. In the presence of 
prussic acid, the paper first becomes orange-yellow, then orange and finally brick-red.) 
In a short time the paper in the flask containing the leaf and chloroform will turn red : 
in the flask with the injured leaf, the reddening will take place rather^ora slowly, 
whereas in the case of the entire leaf, the paper will remain yellow. 

The above experiment may also be carried out, usuafly witii on leaves of 
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the Columbine {Aquilegia vulgaris\ the Arum (^Arum maculatum) and plants of the 
Bird’s-foot Trefoil {Lotus corniculatus) : also with bitter almonds and apple pips, and 
young shoots of Flax {Linum 'perenne). In the case of the seeds, these may be used 
crushed, both with and without chloroform, the uninjured seed being used as a 
control. 

Expt. 141. Preparation of amygdalin. Weigh out 100 gms. of bitter almonds. 
Eemove the testas by immersing them for a short time in boiling water. Then 
pound up the almonds well in a mortar and transfer to a flask. Add about 
200-300 c.c. of ether and allow the mixture to stand for 2-12 hours. Filter off the 
ether and extract again with fresh ether. The greater part of the fat will be removed 
in this way. Then dry the residue from ether and, as rapidly as possible, extract 
twice or three times with boiling 90-98 % alcohol which removes the amygdalin. 
The residue, after ether extraction, contains both amygdalin and emulsin, and, if 
allowed to stand, the emulsin will hydrolyze the amygdalin : hence the necessity for 
rapid extraction with alcohol. Evaporate the filtered alcoholic extract on a water- 
bath or, better, distil in vacuo to a small bulk. Then add an equal volume of ether 
and allow the mixture to stand for a time. The amygdalin separates out on standing. 
Filter off the precixntate, dissolve in a little hot water and allow to crystallize in a 
desiccator. 

Expt. 142. Preparation of emulsin (Bourquelot, 10). Weigh out 25 gms. of 
sweet almonds. (Bitter almonds can also be used. The sweet variety is preferable ; 
since from them the emulsin can be more readily prejoared free from amygdalin.) 
Plunge them for a moment into boiling water and remove the testas. Pound 
thoroughly in a mortar, and extract the bulk of the oil with ether as in the last 
experiment. Then grind up the residue with 50 c.c. of a mixture of equal i)art8 of 
distilled water and water saturated with chloroform and allow the whole to stand 
for 24 hours. • Filter by means of a filter-pump, and to the filtrate add glacial 
acetic acid (1 drop to 15 c.c. of the filtrate) whereby the protein is j^recipitated. 
Again filter, and to the filtrate add 3-4 times its volume of 96-98 o/o alcohol. The 
emulsin is deposited as a white precipitate. Filter off the i)recii)itate and dissolve it 
in about 100 c.c. of cold distilled water. 

Expt. 143. {a) To demonstrate the hydrolysis of amygdalin hy emulsin. Into 
each of two flasks put 50 c.c. of a 1-3 o/o solution of amygdalin. To one flask add 
25 c.c. of the emulsin solution prepared in the last experiment: To the other flask 
add 25 c.c. of enzyme solution after it has been well boiled, and again boil the 
mixture after adding the enzyme. Fit each flask with a cork and spdium picrate 
paper. The paper in the flask containing the unboiled enzyme will rapidly turn red, 
the control remaining yellow. Unless both the enzyme and the amygdalin solution 
are well boiled in the case of the control, the paper may show reddening in time on 
account of traces of prussic acid present in both solutions. . 

(6) Simplified method for extraction of amygdalin and ernulsm^ and demonstra- 
tion of hydrolysis of amygdalin hy emulsm. Take 12 bitter almonds. Bemove the 
testas by immersing them for a short time in boiling water. Then pound up the 
almonds well in a mortar and transfer to a flask. Add about 50 c.c. of alcohol and 
heat to boiling on a water-bath. Filter off the extract, and evaporate it to dryness 
on a water-bath. The residue will contain amygdalin. 
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. Take six sweet almonds and remove the testas as before. Pound in a mortar and 
transfer to a flask. Add a little ether and allow to stand for a short time. Pour off 
the ether, and add a little more which should again be poured off This removes some 
of the fat and makes extraction of the emulsin easier. Then extract the residue 
with about 40c.c. of distilled water and filter. The filtrate contains the enzyme 
emulsin. 

Take 10c.c. of the emulsin solution, and divide it into two portions in two test- 
tubes. Boil one %oell (see Expt. 143 a), and to both add equal quantities of a water 
extract of the amygdalin prepared above. Cork the tubes and insert picric paper 
with the cork in each case. 

It has been found, as previously mentioned, that emulsin can 
hydrolyze other glucosides, as for instance, salicin (see pp. 48, 152). On 
hydrolysis, salicin splits up into salicylic alcohol (saligenin) and glucose. 
Salicin, itself, gives no colour vrith ferric chloride hut saligenin gives a 
violet colour, and by means of this reaction the course of the hydrolysis 
can be followed. 

Exjpt. 144. To demonstrate the hydrolysis of salicin hy emulsin. To 10 c.c. of a. 
1 % solution of salicin in a test-tube add 10 c.c. of the emulsin ^solution prepared in 
Expt. 142 or 143. As a . control boil in a second test-tube another 10 c.c. of the 
emulsin solution and add 10 c.c. of salicin solution. After about an hour, add to 
both test-tubes a few c.c. of strong ferric chloride solution. A purple colour will be 
given in the first test-tube but no colour in the control. The process of hydrolysis 
will be accelerated by placing the tubes in an incubator. 

A modification can be made as follows. A second pair of test-tubos should 
be prepared as before and to both sufficient ferric chloride should be added to give a 
faint yellow tinge. The unboiled mixture will gradually acquire a purple colour at 
ordinary temperature. 

Other cyanophoric glucosides are dhurrin, phaseolunatin (linamarin),. 
lotusin and vicianin. 

Dhurrin occurs in seedlings of the Great Millet {Sorghum vulgare). 
On hydrolysis it yields glucose, prussic acid and parahydroxybenzalde- 
hyde (C 6 H 4 * OH * OHO). It is hydrolyzed by emulsin. 

Phaseolunatin occurs in seeds of the wild plants of Phaseolus 
Iwnatus and in seedlings of Flax {Linam), It is associated with an 
enzyme which hydrolyzes it into acetone, glucose and prussic acid. 

Lotusin occurs in Lotus arabicus. On hydrolysis by an accompanying 
enzyme (lotase) it gives glucose, prussic acid and a yellow pigment,, 
lotoflavin. 

Vicianin occurs in the seeds of a Vetch {Vida angustifoUa). It is 
hydrolyzed by an accompanying enzyme into prussic acid, benzaldehyde 
and a disaccharide, vicianose. 
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Mustard-oil Glucosides. 

These are glucosides containing sulphur and they have been found 
chiefly among the Cruciferae. Sinigrin and sinalbin, the glucosides of 
mustard, have been most investigated. 

Sinigrin. This glucoside occurs in the seed of Black Mustard 
(Brassica nigra) and other species of Brassica, Also in the root of the 
Horse-radish {Oochlearia Ar7noracia), Sinigrin is hydrolyzed by the 
enzyme, myrosin (Guignard, 16; Spatzier, 18) (which occurs in the 
plant together with the glucoside), into allyl isothiocyanate, potassium 
hydrogen sulphate and glucose: 

CioHisOyNSsK + HoO = C^H^NCS + C«Hi20«+ KHSO 4 

jEJojpt 145- Extrmtion of sinigrin from BlaeJc Mustard. Weigh out 100 gms. of 
Black Mustard seed. Grind the seed in a coffee-mill and afterwards pound in a 
mortar. Heat 175 c.c. of 85 ^Vo alcohol to boiling in a flask on a water-bath and add 
the pounded mustard, and after boiling about J hour, filter and press out the alcohol. 
Then put the dried cake of residue into 300 c.c. of water and allow the mixture to 
stand for 12 hours. Press out the liquid and after filtering and neutralizing with 
barium carbonate, concentrate in vacuo to a syrup. Then extract with 90 ^Yo alcohol 
and filter. On concentrating and exposing in a crystallizing dish, the sinigrin 
separates out in white needles. 

Sinalbin occurs in the seeds of White Mustard {Sin apis alba). By 
myrosin it is hydrolyzed to jp-hydroxybenzylisothiocyanate, acid sinapin 
sulphate and glucose: 

OyoH420i5N2S2+ HgO =C«Hi 20«+ C^HyONCS 4- CjeH2406NHS04 

Expt. 146. Extraction of sinalbin from White Mustard. Weigh out 100 gms. of 
White Mustard seed. Grind and pound well and extract the fat with ether. Then 
extract with twice its weight of 85-90 % alcohol several times and w'ell press out the 
alcohol. The extract is evaporated to half its bulk and filtered. On cooling the 
sinalbin separates out in crystals. 

Expt. 147. Preparation of myrosin. Weigh out 50 gms. of White Mustard seed and 
grind in a coffee-mill. Add 100 c.c. of water and allow the mixture to stand for 
12 hours. Then filter and allow the filtrate to run into 200 c.c. of 95-98 ®/q alcohol. 
A white precipitate is formed which contains the myrosin. Filter off the precipitate 
and wash on the filter with a little ether. 

Expt. 148. Aation of myrosin on sinigrin. Put into two test-tubes equal quantities 
of a solution of the sinigrin prepared in Expt, 145. Dissolve some of the myrosin 
prepared in the last experiment in water and divide the solution into two parts. 
Heat one part to boiling and then add the two portions respectively to the two test- 
tubes of sinigrin. Plug both test-tubes with cotton-wool. After about ^ hour a 
strong pungent smell of mustard oil, allyl isothiocyanate, will be detected in the 
unboiled tube. 

A more simple method of demonstrating the action of myrosin is as follows. 
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Pound about 5 gms. of Black Mustard seed in a mortar and then boil with water. 
Some mustard oil will be formed before the myrosin is destroyed, so that boiling 
should be continued until no pungent odour can be detected. Then filter and cool 
the sohition and divide into two parts. To one add some myrosin solution. To the 
other an equal quantity of boiled enzyme solution. After ^ hour the smell of allyl 
isothiocyanate should be detected in the unboiled tube. 

Saponins. 

These substances are very widely distributed, being found in the 
orders: Araliaceae, Caprifoliaceae, Combretaceae, Compositae, Cucurbi- 
taceae, Graminaceae, Guttiferae, Lecythidaceae, Leguminosae, Liliaceae, 
Loganiaceae, Magnoliaceae, Myrtaceae, Oleaceae, Piperaceae, Pitto- 
sporaceae, Polemoniaceae, Polygalaceae, Primulaceae, Proteaceae, 
Eanunculaceae, Rhamnaceae, Rosaceae, Rutaceae, Saxifragaceae, 
Thymelaeaceae and the majority of the orders of the cohort Centro- 
spermae. On hydrolysis with dilute mineral acids the saponins yield 
various sugars — glucose, galactose, arabinose, rhamnose — together with 
other substances termed sapogenins. 

The saponins are mostly amorphous substances readily soluble 
in water (except in a few cases) giving colloidal solutions. These 
solutions froth on shaking, and with oils and fats they produce very 
stable emulsions. By virtue of this property they have been used as 
substitutes for soap. The Soapwort (Saponaria) owes its name to the 
fact that the root contains a saponin. 

OOTJMAEIN GlUCOSIDES. 

These substances are hydroxy derivatives of coumarin, which itself 
may be represented as: 

CH=CH— CO 

1^0 J 

V 

Aesculin is one of the best known of these glucosides. It occurs in 
the bark of the Horse Chestnut {Aesculus Bippocastcmum), On hydro- 
lysis with dilute acids it yields glucose and aesculetin, the latter being 
represented as: 

CH=CH— CO 

J 
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Aesculin is characterized by giving in water solution a blue fluor- 
escence which can be detected even in great dilution. The fluorescence 
is increased in alkaline, and decreased in acid, solution. 

Ex'pt. 149. Demomtration of the 'presence of aesculin in Aeseulus hark. Strip off 
the bark from some young twigs of Aeseulus and boil in a little water in an evaporating 
dish. Filter and pour the filtrate into excess of water in a large vessel. A blue 
fluorescent solution will be formed. 


Glucosides of Flavone, Flavonol and Anthocyan Pigments. 
These substances have already been considered in Chapter vii. 


Glucosides of various Composition. 


Coniferin. This glucoside occurs in various members of the Coniferae 
and also in Asparaejus. On hydrolysis with mineral acids or emulsin, it 
breaks up as: 

CH = CHCH20H 


/\ 


Coniferin 




V 


OCH. 


OH 

Goniferyl alcohol 


Arbutin. This glucoside is found in the leaves of the Bearberry 
{Arctostciphylos Uvcc-ursi), Pyrola, Vaccinium, and other Ericaceae and 
also of the Pear (Pyrus communis). 

On hydrolysis with acids arbutin yields hydroquinone and glucose: 


CjijHigO^ + HjjO ™ CgHgOa •+• CgHj.jOg 

the same hydrolysis is brought about by the enzyme emulsin. 

It has been suggested that the darkening of leaves of the Pear 
(Bourquelot and Fichtenholz, 11, 12, 13) either on autolysis or injury, or 
at the fall of the leaf, is due to the hydrolysis of the arbutin by a gluco- 
side-splitting enzyme in the leaf, and subsequent oxidation of the 
hydroquinone so formed by an oxidase. 


Expt. 150. Extraction of arbutin from leaves oj the Pear (Pyrus communis). 
Weigh out 100 gms. of fresh leaves (without petioles). Tear the leaves into small 
pieces and drop them as quickly as possible into about 500 c.c. of boiling 96-98 o/o 
alcohol in a flask. Boil for about 20mins., adding more alcohol if necessary. Then 
filter off the alcohol and pound up the leaf residue in a mortar and extract again with 
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boiling alcohol. Filter and distil off the alcohol from the extract in vacuo. Extract 
the residue with 100-200 c.c. of hot water and filter. Warm the filtrate and precipitate 
with lead acetate solution until no more precipitate is formed. This removes flavones, 
tannins, etc. but the arbutin is not precipitated. Filter and pass sulphuretted hydrogen 
into the filtrate to remove any excess of lead acetate. Filter and concentrate the 
filtrate in vacuo to a syrup. Then extract twice' with small quantities of ethyl acetate. 
Concentrate the ethyl acetate on a water-bath and cool. A mass of crystals of arbutin 
will separate out. This should be filtered off on a small filter, and recrystallized from 
ethyl acetate. Take up a little of the purified glucoside in water and add a drop or 
two of ferric chloride solution. A blue coloration will be given. 


Salicin. This substance occurs in the bark of various species of 
Willow {Salix) and Poplar (Popuhts): also in the flower-buds of the 
Meadow-Sweet {Spiraea Ulmaria). On hydrolysis with acids, or on 
treatment with emulsin, salicin is decomposed into saligenin or salicylic 
alcohol and glucose: 

C13H18O7 -f H^O = C6H4OH ‘ CHpH -1- CgHioOc 

Saligenin gives a violet colour with ferric chloride solution and in this 
way the progress of the reaction can be demonstrated (see also p. 148). 


Indican (see also p. 115). This glucoside occurs in shoots of the 
so-called ‘'Indigo Plants,'’ Indigofera Anil, /. erecta, I. tinctoria, /. suma- 
trana: also in the Woad {I satis tinctoria), in Polygonum tinctoriwn and 
species of the Orchids, Phajus and Galanthe. When boiled with acid or 
hydrolyzed by an enzyme contained in the plant, it gives glucose and 
indoxyl : 


/N 




-f- H,0: 


w n CH 


-C'OH 




CH 


Indican 


Indoxyl 


The colourless indoxyl can be oxidized either artificially or by an 
oxidase contained in the plant to a blue product, indigotin or indigo. 




■C*OH HO’C 

-f* 20 + 


K 11 CH 
Indoxyl 


= 2h„0 + 


HC 


Indoxyl 


VA, 


-CO oc 




\ 


NH'^ NH 

Indigo' 
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CHAPTEK X 


THE PLANT BASES 

There are present in plants a number of substances which form a 
group, and which may be termed nitrogen bases, or natural bases. 
These substances are of various constitution but they have the property 
in common of forming salts with acids by virtue of the presence of 
primary, secondary, or tertiary amine groupings. Such groupings confer 
a basic property upon a compound and, as a result, salts are formed 
with acids on analogy with the formation of ammonium salts: 

NH3+ HCI = NH4CI (NH3 * HCI) 

CH3NH24- HCI = CH3NH3 * HCI 

rnethylamine 

(C HX N H + HCI = (CHX N H • HCI 
dimethylamine 

(CH3)3 N + HCI = (CH3)3 N • HCI 
trimetbylaiume 

The hydrogen atoms of ammonia can also be replaced by groups of 
greater complexity, as will be seen below. 

Complex ring compounds in which nitrogen forms part of the ring 
are termed heterocyclic, such as the alkaloids, purines and some amines, 
for instance pyrrolidine (see below). 

The plant bases can be conveniently classified into four groups and 
this is also to a large extent a natural grouping. They are: 

1. Amines ) 

2. Betaines} Simplernatural bases. 

3. Alkaloids. 

4. Purine bases. 

The first two groups have been termed the simpler natural bases. 
They are much more widely distributed in the vegetable kingdom than 
' the alkaloids and purins, since they have probably much more significance 
in general metabolism. The isolation of the simpler bases is a matter of 
much greater difficulty than that of the alkaloids: the former are soluble 
in water but insoluble in ether and chloroform, and so are not readily 
separated from other substances. The alkaloids, however, occur in the 
plant as salts of acids and if the plant material is made alkaline the free 
bases can be extracted with ether or chloroform. 
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The betaines are amino-acids in which the nitrogen atom is com- 
pletely methylated, and, with one or two exceptions, this grouping does 
not occur in the true alkaloids. The betaines have only feebly basic 
properties. 

The alkaloids, in contrast to the simpler natural bases, are rather 
restricted in their distribution, many being limited to a few closely 
related species or even bo one species. 

The purine bases are a small group of substances intimately related 
to each other and to uric acid. 


Amines. 


Methylamine, CH,, . NH^ , occurs in the Annual and Perennial Dog’s 
Mercury {Mercurialis annua and M. perennis) and in the root of the 
Sweet Flag {Acorus Calamus). 

Trimethylamine, (CIL)..,. N, occurs in leaves of the Stinking Goose- 
foot (Chenopodium Vulvaria), in flowers of the Hawthorn {Crataegus 
Oxyacantho) and Mountain Ash {Pyrus Aucuparia), and in seeds of 
Mercurialis annua. 


Putrescine, NH^ (CHah. NH^, occurs in the Thorn Apple (Datura) 
and tetramethylputrescine in a species of Henbane (Hyoscyamus 
muticus). 

Hordenine occurs in germinating Barley grains. It is represented 


as; 




CHa*CHa-N(CHjj)a 


Pyrrolidine is said to occur in small quantities in leaves of the 
Carrot (Daucus Garota) and Tobacco (Nicotiana) leaves. It is repre- 
sented as : 



CHg CHg 


Other amines occur among the lower plants (Fungi). 

Choline is sometimes classified with the betaines. It is however 
intimately connected with the phosphatides (compounds of the fatty 
acids with phosphoric acid and nitrogen) which is not the case with the 
betaines. It may be represented as: 
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Choline is very widely distributed in. plants. It is a constituent of the 
phosphatide, lecithin, and is probably thereby a constituent of all living 
cells. It has been found in seeds of the Bean ( Vicia Faba), Pea {Pisum 
sativum), Sty-'ophanthus, Oat (Avena sativa), Cotton {Gossypium her- 
baceum). Beech (Feigns sylvatica), Fenugreek (Trigonella Foenum- 
graecum) and Hemp (Cannabis sativa): in seedlings of Lupins, Soy 
beans, Barley and Wheat: in Potatoes and Dahlia tubers and in the 
subterranean parts of Cabbage (Brqssica napus), Artichoke ( II elianthus 
tuherosus), Scorzonera hispanica. Chicory (Oickor^mni Intybus), Celeiy 
(Apium graveolens) and Carrot (Daucus Carota): aerial parts of Meadow 
Sage (Salvia pratensis) and Betony (Betonica officinalis), and many 
other tissues. It can only be isolated in very small quantity. 


Betaines. 


The betaines, as previously stated, arc aniino-acids in whidi the* 
nitrogen atom is completely methylated. Most betaines crystallize with 
one molecule of water; thus betaine itself in this condition }>robably has 
the following constitution, from which its relationship to glycine or 
aminoacetic acid is indicated: 


(CHaX; N 


\ 


OH 

CHa'COOH 


Bctiiine or hydroxytrirnethyl- 
aniinoacetic acid 


H,N-CH,'COOH 

Aminoacotic acid 


When dried above 100° C., the betaines lose water and are represcinted 
as cyclic anhydrides; thus betaine becomes: 


(CHy),,: N CO 

The individual betaines, probably on account of their close etamexion 
with proteins, are more widely distributed than the individual alkiiloida 
Further investigation may show an even more general distribution of 
betaines. 

Betaine or trimethylglycine occurs in all species of Chenopodiaceiie 
so far examined including the sugar Beet (Beta vulgaris) from which it 
derives its name; in some genera only of the Anmmntaceae; in the **Tea 
Plant " (Lycium barbarum): in seeds of Cotton (Gossypimi herbmmm), 
Sunflower (Helianthus animus) and Oat (Avma sativa): in ttibew of 
Artichoke (Heliajntkus tuberosus), shoots of Bamboo (Bambma), leaves 
of Tobacco (Nicotiana Tabacum) and in malt and wheat germs. 
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Stachydrine, though a betaine, is included by most writers among 
the alkaloids, and this classification has been followed here (see p. 161); 
it is probably a derivative of prolme (see p. 121). 

Betonicine, CyHigOuN, is also, like stachydrine, found in the Be tony 
(Betonica officinalis). It is a derivative of oxyproline. 

Hypaphorine or trimethyltryptophane, Ci4Hi802TSr2, occurs in the 
seeds of a tree, Erythrina Hypaphorns, which is grown for shade in 
Coffee plantations. 

Trigonelline, like stachydrine, is usually classed with the alkaloids 
(see p. 160) but it should probably be included among the betaines on 
account both of its structure and of its wide distribution. 

Other betaines, trimethylhistidine, ergothioneine, occur in the 
Fungi. 

Alkaloids. 

The plant alkaloids, so-called because of their basic properties, have 
attracted considerable attention on account both of their medicinal 
properties and, in many cases, their intensely poisonous character. They 
were also the plant -bases to be first investigated. As previously men- 
tioned they are not widely distributed, some being, as far as is known, 
restricted to one genus, or even species. Moreover, several closely 
related alkaloids are frequently found in the same plant. The orders in 
which they largely occur are the Apocynaceae, Leguminosae, Papa- 
veraceae, Ranunculaceae, Rubiaceae and Solanaceae. 

The alkaloids may be present in solution in the cell-sap in the 
young tissues, but in older and dead tissues they may occur in the solid 
state ; they may be found throughout the plant or more abundantly in 
the seed, fruit, root or bark (quinine). 

The alkaloids are, as a rule, insoluble in water, but soluble in such 
reagents as alcohol, ether, chloroform, etc. The majority are crystalline 
solids which are not volatile without decomposition, but a few, for 
example coniine, nicotine, which contain no oxygen, are volatile liquids. 

The alkaloids occur in the plant as a rule as salts of various organic 
acids, such as malic, citric, succinic and oxalic, and sometimes with an 
acid peculiar to the alkaloid with which it is united (e.g. quinic acid in 
quinine and meconic acid in opium). Artificial salts, i.e. sulphates, 
chlorides and nitrates, are easily prepared and are readily soluble in 
water, and from these solutions the free base is precipitated again on 
addition of alkali. • 
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The alkaloids themselves belong to various classes of compounds, 
though the basic character always preponderates. Thus, for example, 
piperine is an amide and can he hydrolyzed into the base piperidine 
and piperic acid : atropine is an ester made up of the base tropine and 
tropic acid. 

Various methods are employed for the extraction of alkaloids but 
the exact course of events depends on the alkaloid in question. On the 
whole the method is either to treat the plant material with alkali and 
then extract the free alkaloid with ether or chloroform and finally purify 
by making a salt again ; or to extract the alkaloid from the plant with 
dilute acid, set free the insoluble, or difficultly soluble, base with alkali, 
and then prepare a salt of the base. 

Though individual alkaloids have distinctive reactions, the group as 
a whole has certain reactions in common, namely the precipitation by 
the so-called “ alkaloidal reagents.” These reagents are tannic, phospho- 
tungstic, phosphomolybdic and picric acids, also potassium-mercurio- 
iodide solution and iodine in potassium iodide solution. 

Ex'pt, 151. General reactiom of alkaloids. Make a 0'5 solution of quinine 
sulphate in warm water and add a few drops of each of the following rcmgents: 

ip) Tannic acid solution. A white precipitate is formed. 

{h) Mercuric iodide in potassium iodide solution [Briicke's reagent: 50 gms. of 
j)otassium iodide in 500 c.c. water are saturated with mercuric iodide (120 gms.) and 
made up to 1 litre]. A white precipitate is formed. 

(c) Phosphotungstic acid (50 gms. of phosphotimgstic acid and 30 c.c. of cone, sul- 
phuric acid are dissolved in water and made up to a litre). A white precipitate is farmed. 

{d) Iodine in potassium iodide solution. A brown precipitete is formed. 

(e) Picric acid solution. A yellow precipitate is formed. 

Expt. 152. Extraction of the free base from quinine mlphate. Add strong sodium 
carbonate solution drop by drop to some of the quinine sulphate solution until a 
white precipitate of quinine is formed. Then add ether and shake up in a separating 
funnel. The precipitate will disappear as the quinine passes into solution in the ether. 
Separate off the ethereal solution and let it evaporate in a shallow dish. The quinine 
is deposited. Take up the quinine again in dilute sulphuric acid and test the solution 
with the alkaloidal reagents. 

The alkaloids are classified into five groups according to the nucleus 
which constitutes the main structure of the molecule* These five groups 
are : 

1. The pyridine group. 

2. The pyrrolidine group. . 

3. The tropane group. 

4. The quinoline group. 

5. The isoquinoline group. 
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Quinoline 





N 


\} 

L / — ^ 

Pyrimidine 

Itninazole 

Purine 


I 1. The pyridine alkaloids. 

These are, as the name implies, derivatives of pyridine. (Pyridine 
is a colourless liquid which boils at 115° C. It is a strong base and 
forms salts with acids.) 

CH 

I CH CH 


CH CH 
N 

Pyridine 

The more important members of this group are: arecoline, coniine, 
nicotine, piperine and trigonelline, 

Arecoline occurs in the Betel Nut which is the fruit of the Areca 
Palm {Areca Catechu). 

Coniine occurs in all parts of the Hemlock {Goniwm maculatwm), 
but more especially in the seed. 

Nicotine occurs in the leaves of the Tobacco plant {Nicotiana 
Tahacum). It is a colourless oily liquid which is intensely poisonous. 
Its constitution may be represented as : 

CH CHi— CHii 

I I 

CH C— CH CHj 

I II \/ 

CH CH N T, 

\/ \ , 

N CH,*^ 

It is readily soluble in water and organic ^Ivents. 
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Ex^t. 153. Extraction and reactions of nicotine. Weigh out 100 gms. of plug 
tobacco and boil up the compressed leaves with water in an evaporating dish or in a 
saucepan. Filter off the extract and concentrate on a water-bath. The concentrated 
solution is made alkaline with lime and distilled from a round-bottomed flask fitted 
with a condenser, the flask being heated on a sand-bath. The distillate has an un- 
pleasant smell and contains nicotine in solution. Test the solution with the alkaloidal 
reagents emploved in Expt. 151. A precipitate will be obtained in each case. 

The nicotine can be obtained from solution in the following way. Acidify the 
aqueous distillate with oxahc acid and concentrate on a water-bath. Make the con- 
centrated solution alkaline with caustic soda, pour into a separating funnel and shake 
up with ether. Separate the ethereal extract and distil off the ether. The nicotine 
is left behind as an oily liquid which oxidizes in air and turns brown. The alkaloidal 
tests should be made again with the extracted nicotine. 

Piperine occurs in various species of Pepper {Piper nigrum). The 
fruit, which is gathered before it is ripe and dried, yields a black 
pepper, but if the cuticle is first removed by maceration, a white pepper. 
Piperine is a white solid which is almost insoluble in water but soluble 
in ether and alcohol. 

Expt. 164. Extraction and reactions of piperine. Weigh out 100 gms. of black 
pepper. Put it into an evaporating dish, cover well with lime-water and heat with 
constant stirring for 15-20 minutes. Then evaporate the mixture completely to 
dryness on a water-bath. Grind up the residue in a mortar, put it into a thimble 
and extract with ether in a Soxhlet. Distil off the ether and take up the residue in 
hot alcohol from which the piperine will crystallize out. With an alcoholic solution 
make the following tests : 

(а) Add the alkaloidal reagents mentioned in Expt. 151 and note that a pre- 
cipitate is formed in each case. 

(б) Pour a little of the solution into water and note that the piperine is pre- 
cipitated as a white precipitate. 

(<?) To a little solid piperine in a white dish add some concentrated sulphuric 
acid. It dissolves to form a deep red solution. 

Trigonelline occurs in the seeds of the Fenugreek {Trigbnella 
Foemim-graeawm), Pea {Pisum sativvm), Bean (Phaseolm vulgaris), 
Stropkanthus hispidus. Hemp {Cannabis sativa) and Oat (Avena sativa). 
It is also found in the Coffee Bean {Coffea arabicd), in tubers of 
Stachys tuberifera^ Potato and Dahlia and in roots of Scorzonera hispanica. 
It is really a betaine (see p. 157). 

2. The pyrrolidine alkaloids. 

These are derivatives of pyrrolidine, of which the mother substance 
is pyrrola (Pyrrolidine is a liquid boiling at 91° C. It is a strong base 
and forms stable ^ts with acids.) 
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CH— CH 


CHo— CH, 


CH CH CH. CH. 

\/ \ “ 

NH NH 

Pyrrole Pyrrolidine 

These alkaloids form a small group containing : 

Hygrine and cuskhygrine which occur in Coca leaves {Eryihroxylon 
Coca), 

Stachydrine which occurs in tubers of Staohys tuberifera and leaves 
of the Orange Tree {Citrus Aurantium) and in various other plants 
(Betonica). The formula is : 

CHo— CHo 

I ' I “ 

CO— CH CHo ^ 

I \/ 

o N(CH3)2 

from which it is seen that it is really a betaine (see p. 157). 

3. The tropane alkaloids. 

These are derivatives of tropane, which may be regarded as formed 
from condensed piperidine and p}U'rolidine groupings. (Tropane is a 
liquid boiling at 167*" C.) 

CH. 

/ \ 

CHa CH2 

I I 

i CH CH 

\/l 

NCH3 

CH2— CHg 
Tropane 

The alkaloids in this group are limited to four natural orders and 
are as follows : 

Solanaceae : Atropine occurs in the root and other parts of the 
Deadly Nightshade {Atropa Belladonna), the Thorn Apple {Batura 
Stramonium) and Scopolia japonica. Atropine may be represented as : 

CH — O— CO — CH • CHgOH 

/ \ I 


CH CH 

\/ 

NCH; 

CHg— QH2 
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Hyoscyamine occurs in the Henbane {Hyoscyamus niger), H. 
muticus and also in the Mandrake {Mandr agora). 

Erythroxylaceae : Cocaine and tropacocaine occur in Coca leaves 
{Eryihroxylon Coca) together with smaUer quantities of allied alkaloids. 
Cocaine has the formula : 

H OCOCgHg 

\/ 

c 

/ \ 

CHo CHCOOCH3 

I “ I 

CH CH 

\ / 

NCH3 

CHs— CHa 

Punicaceae: Pelletierine and other allied alkaloids occur in the root 
and stem of the Pomegranate Tree {Punica Oranatum). 

Leguminosae: Sparteine occurs in the Broom {Spartium scoparium): 
lupinine in the yellow and black Lupins {Lupinus luteus and L. niger) 
and cytisine in the Laburnum {Cytisus Laburnum). 

4. The quinoline alkaloids. 

These are derivatives of quinoline. (Quinoline is a colourless liquid 
which boils at 239° 0.) Its constitution is : 

CH CH 

^ \/ \ 

CH C CH 

I II I 

CH C CH 

CH N 

Quinoline 

These alkaloids form two natural groups, (a) the cinchona alkaloids, 
i.e. quinine, cinchonine and allied forms, and (b) the strychnine alkaloids, 
Le. strychnine and brucine. 

Quinine occurs in the bark of various species of the genus Cinchona 
(Rubiaceae) which are trees, originally natives of S. America, but now 
cultivated on a large scale in Ceylon, Java and India. The species 
employed are (7. Galisaya, Ledgeriana, officinalis, succiruhra. The yellow 
bark of Galisaya has the highest percentage, i.e. 12 Yo, of alkaloid. 

Quinine is a white solid which crystallizes in long needles containing 
water of crystallization. It is very slightly soluble in cold water, more 
so in hot but xi^dily soluble in alcohol, ether and chloroform. With 
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acids it forms salts, which are soluble in water, the sulphate being 
commonly employed in medicine. Quinine is said to have the following 
constitution : 

CioHi5(OH)N 

0CH3 . 


Expt. 155. Extraction and reactions of quinine. Mix 20 gms. of quicklittie with 
200 c.c. of water in a basin and then add 100 gms. of powdered Cinchona bark. Stir 
together well and then dry the mixture thoroughly on a water-bath, taking care to 
powder the lumps. The dried mixture is then extracted in a Soxhlet apparatus with 
chloroform. The chloroform extract is then shaken up in a separating funnel with 
25 c.c. of dilute sulphuric acid. The chloroform layer is run off' and again extracted 
with water. The sulphuric acid and water extracts are mixed together and neutralized 
with ammonia. The liquid is evaporated on a water- bath until crystals of quinine 
sulphate begin to separate out. With the quinine sulphate the following tests should 
be made. (It is better to use a solution of the hydrochloride prepared by adding a 
few drops of hydrochloric acid to the sulphate solution) : 

[a] Test with the alkaloidal reagents of Expt. 151. 

(5) Add to a little of the solution some bromine water and then some ammonia. 
A green precipitate is formed which gives a green solution with excess of ammonia. 

(c) Dissolve a little of the solid quinine sulphate in acetic acid and pour into a 
large volume of water. A blue opalescence is produced which is characteristic of 
quinine. 

Cinchomne occurs together with quinine in Cinchona bark. It is 
very similar in constitution to quinine, the latter being methoxy- 
cinchonine. 

Strychnine and brucine occur in the seeds of Nux Vomica {Stry chi- 
nos Nuoc-vomica) and St Ignatius' Bean {S. Ignatii), 

Expt. 156. Tests for strychnine. Add a little concentrated sulphuric acid to a 
small quantity of strychnine in an evaporating dish and then add a small amount 
of powdered potassium bichromate. A violet coloration is produced which changes 
to red and finally yellow. 

Curarine, the South American Indian Arrow poison, occurs in 
several species of Strychnos {S. toxifera and others). 

6. The isoquinoline alkaloids. 

These can be divided into two groups: (a) the opium alkaloids and 
(6) the herberine alkaloids. " 

The opium alkaloids again fall into two classes: (1) the papaverine 

11—2 ’ 
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group which includes papaverine, laudanosine, narceine, narcotine 
and others, and (2) the morphine group including morphine, apomor- 
phine, codeine, thebaine and others. 

Opium is the dried latex obtained by making incisions in the cap- 
sules of the Opium Poppy {Papaver somniferum). 

Allied to the papaverine group is hydrastine which occurs in the 
root of Hydrastis canadensis (Ranunculaceae). 

The constitution of all these alkaloids is very complex. 

Expt 157. Tests for morphine. 

{a) Add a little ferric chloride solution to a solution of a morphine salt. A deep 
blue coloration is formed. 

(5) Dissolve some morphine in concentrated sulphuric acid and then after 
standing about 15 hrs. add concentrated nitric acid. A deep blue-violet colour is 
produced which afterwards changes to red. 

Berberine occurs in the root of the Barberry {Berberis vulgaris) and 
is also found in isolated genera in Anonaceae, Menispermaceae, Papa- 
veraceae, Ranunculaceae and Rutaceae. 

Corydaline occurs in Corydalis cava (Funmriaceae). 

Many other alkaloid substances have been isolated from a large 
number of different plants, but since the constitution of most of them 
is unknown, they have not been classified. 


Purine Bases. 


These substances, as indicated, have a heterocyclic ring structure 
and are derivatives of purine : the atoms of the ring are numbered in 
the order indicated below: 


N=CH 


HC C — NH 



il -i 

N — C-— N 


Purine 




2c 

I il > 


c® 


Purine itself is a crystalline basic .compound (m. p. 211-212® 0.) 
which forms salts with acids. It is composed of two rings, the pyrimi- 
dine and the iminazole: the latter grouping also occurs in histidine 
(see p. 121). 
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The chief purine bases which occur in plants are xanthine, caffeine, 
theobromine, guanine, hypoxanthine and adenine. 

Xanthine may be regarded as 2, 6-dioxypurine: 

HN— C=rO 

I I 

0--==^C C — NH 

\ 

CH 

HN— -C— N 

It is widely distributed in plants and has been found in leaves of the 
Tea plant {Thea sine^isis), in the sap of the Beetroot {Beta) and in various 
seedlings. 

Caffeine or theine is 1, :3, 7-trimethylxan thine: 

CH3 * N— C=0 

I i 

0=c C— N • CH 3 

\ 

CH 

CHg - N— C—N 

It occurs in the leaves and beans of the Coffee plant {Coffea arahica), 
in leaves of the Tea plant {Thea sinensis), in leaves of Ilex paraguends 
('‘Paraguay Tea”), in the fruit of Paullinia Cupana and in Kola nuts 
(Cola acuminata). 

Bxpt. 158. Preparation of caffeine from tea^. Digest 100 gms. of tea with 500 c.c. 
of boiling water for a quarter of an hour. Then filter through thin cloth or fine 
muslin using a hot- water filter in order to keep the liquid hot. Wash the residue 
with a further 250 c.c. of boiling water. Add to the filtrate a solution of basic lead 
acetate until no more precipitate is formed. This removes proteins and tannins. 
Filter hot and to the boiling filtrate add dilute sulphuric acid until the lead is pre- 
cipitated as sulphate. Filter from the lead sulphate, and concentrate the solution, 
with the addition of animal charcoal, to 250-300 c.c. Filter and extract the filtrate 
three times with small quantities (50 c.c.) of chloroform. Distil off the chloroform 
on a water-bath, and dissolve the residue in a small quantity of hot water. On 
allowing the solution to evaporate very slowly, long silky needles of caffeine separate, 
which may have a slightly yellow tint, in which case they should be drained, re- 
dissolved in water, and boiled with the addition of animal charcoal. The yield 
should be about 1*5 gm. 

Evaporate a little of the caffeine on a water-bath with bromine water. A reddish- 
brown residue is left which becomes purple when treated with ammonia. 

^ From Conen, Practical Organic Chemistry. 
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Theobromine is 3, 7-dimethylxanthiiie: 

HN— c=o 

I I 

0=c C— N • CH 3 

\ 

CH 

CHg- N—C— N 

It occurs in the fruit of the Cocoa plant (Theohroma Cacao), in 
leaves of the Tea plant {Thea sinensis) and in the Kola nut (Cola 
acuminata). 


Guanine and hypoxanthine can be represented respectively as 
2-aniino, 6-oxypurine and 6-monoxypurine : 


htN— C=0 


HN~-C==0 


H^N— -C C—NH 

I \ 

I CH 

1 

n—c—n 

Guanine 


HC C— NH 


\ 

CH 


N — C— N 


Hypoxanthine 


They usually occur together and have been found in the germinating 
"^eds of the Sycamore (Acer pseudoplatanus), Pumpkin (Gucurhita 
Pepo), Common Vetch (Vicia sativa), Meadow Clover (Trifolium 
pratense), yellow Lupin {Lupinus luteus) and Barley {Hordeum vulgare): 
also in the juice of the Beet (Beta). 


Adenine is 6-aminopurine. It is represented as: 

N=C—NH2 

[ I 

HC C— -NH 

\ 

CH 

N— C — N 


It has been found in Beet (Beta), Tea leaves {Thea sinensis) and in 
leaves of the Dutch Clover (Trifolium repens). 

Guanine, hypoxanthine and adenine are all obtained by the hydro- 
lysis of plant nucleoproteins. 
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153 

Aromatic acids, 87, 89 

alcohols, 87, 88 

aldehydes, 87, 88 

compounds, 1, 87 

Arsenic trisulphide sol, 12, 16 
Artichoke, 59, 136, 156 
Arum maculatum, 146, 147 
Asclepiadaceae, 145 
Ash, 81 
Asparagin, 136 

Asparagus, 59, 60, 88, 143, 151 

offhcinalis, 88 

Aspartic acid, 120, 136 
Aster, 102 
Asterin, 102 
Astragalus, 61 

gummifer, 61 
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Atkins, 77 
A triplex, 100 
Atropa Belladonna, 161 
Atropine, 161 
Aubrietia, 108 • 

Aucuba, 144 
Aucubigenin, 144 
Aucubin, 144 
Auld, 24, 25 . 

Autolysis, 19, 138, 146 
Averia sativa, 125, 126, 156, 160 
Avenalin, 126 

Bamboo, 137, 156 
Bambusa, 137, 156 
Banana, 138 
Barberry, 164 
Barger, 167 

Barley, 57, 113, 124, 127, 131, 155, 156, 
166 

Basidiomycetes, 113 
Bassett, 95, 96, 116 
Bayliss, 14, 16, 19, 24 
Bearberry, 151 
Beech, 156 

Copper, 100 

wood, 67 

Beet, 63, 71, 72, 76, 100, 107, 136, 137, 
138, 156, 165, 166 
Behenic acid, 79 
Benssaldehyde, 24, 143, 144, 145 
Benzidine (test for peroxidase), 109 
Benzoic acid, 143 
Berberidaceae, 145 
Berberine, 164 
Berheru vulgaris, 164 
Bertholletia. excelsa, 81, 83, 125, 126, 135 
Beta, 72, 75, 143, 165, 166 

vulgaris, 70, 71, 76, 100, 136, 138, 

156 

Betaines, 154, 166 
Betonica, 161 

ofjicvnalis, 156, 157 ’ 

Betonicine, 157 
Betony, 156, 157 
Betulaceae, 80 
Bignoniaceae, 145 
Bilberry, 102 
Bird Cherry, 45, 61, 145 
Bird’s-foot Trefoil, 146, 147 
Biuret reaction, 12*2 
Blau, 153 
Blood, 138, 140 

Boletus cyanescem, 113 , 

luridus, 113 

Bolton, 116 
Boraginaceae, 108 
Bomeol, 2 

Bourquelot, 147, 151, 153 
Bran, 45, 53, 54, 55, 68 
Brmsica, 75, 81, 138, 149 

alba, 127, 135, 138, 144 

campestriSf 127, 136 

Napm, 80, 156 


Brassica nigra, 144, 149 

oleracea, 136 

rapa var. oleifera, 80 , 

Brassidic acid, 79 
Brazil nut, 81, 83, 125, 126, 135 
Broad Bean, 60, 124, 126, 133, 134, 138, 
139, 156 
Bromelin, 139 
Broom, 162 
Brown, 70, 73, 74, 77 
Brownian movement, 14 
Brucine, 163 
Brtlcke’s reagent, 158 
Buchner, 21 
Buckthorn, 96 
Burton, 16 
Buttercup, 108 
Butter-nut, 126 
Butyric acid, 79 

Cabbage, 136, 137, 138, 139, 156 
Caesalpinia, 91 
Caffeic acid, 110 
Caffeine, 165 
Calanthe, 152 
Caldwell, 24, 25 
Callistephin, 102 
Gallistephus chinensis, 102 
Calluna erica, 96 
Campanulaceae, 58 
Campbell, 134, 141 
Camphor, 2 

tree, 2 

Cane-sugar (see Sucrose) 

Cannabis sativa, 67, 80, 125, 126, 134, 139, 
156, 160 
Capparis, 144 
Capric acid, 79, 80 
Caprifoliaceae, 145, 150 
Caproic acid, 79, 80 
Caprylic acid, 79, 80 
Carbohydrates, 1, 41 

in leaves, 69 

Carbon assimilation, 5, 26 ' 

Carboxylase, 21 
Carica Papaya, 139 
Carotin, 27, 28, 29, 39 
Carrot, 39, 65, 138, 139, 155, 156 
Carurn, 144 
— - Petroselinum, 95 
Castanea, 91, 93 

vulgaris, 92, 126 

Castanin, 126 
Castor oil, 81 

-plant, so, 83, 84, 125, 136 

-seed, 124, 127, 135, 139 

Catalase, 20, 21, 23 
Catalysts, 17 

Catechol, 68, 87, 110, 111 
Celastraoeae, 145 
Celery, 187, 156 
Celluloses, 41, 65 

reserve, 65 

tests for, 66 

11—5 
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Centaurea, 144 

Cyanu8, i)8, lOO, 101, 10‘2, 104 

Centrospermae, 150 
Cerasin (see Cherry gnm) 

Ceraaus, 144 

FaduSj 145 

Chaerophyllum sylvestre, 12 
Cheircmtkus, 106 

Gheiri, 90, 97, 99, 100, 107, 

108 

Chenopodiaceae, 100, 156 
Chenopodimn, 136 

Vulvaria, 155 

Cherry, 45, 61, 63, 80, 102 

gum, 43, 45, 53 

Laurel, 145, 146 

Chervil, 72 

Chicory, 58, 60, 136, 156 
Chittenden, 128, 140 
Chlorophyll, 13, 27 

a, 27, 29, 32 

b, 28, 29, 32 

allojnerized, 36 

colloidal, 35, 37 

crystalline, 32 

Ohlorophyllase, 33 
Ohlorophyllides, 33 
Chlorophyllins, 29 
Chodat, 107, 108, 115 
Choline, 155 
Christmas Bose, 108 
Chrysanthemin, 102 
Chrysanthemum^ 101, 102 

indicum, 102 

Chrysin, 95 

Cichorium Intybus, 58, 136, 156 
Cinchona^ 162, 163 

Calisaya, 162 

Ledgeriana, 162 

officinalis^ 162 

Hucciruhra, 162 

Cinchonine, 163 
Citrus, 144 

Aurantium, 161 

Clark, 76, 78, 115 
Clover, 59, 60, 65, 74, 75, 137 

Dutch, 166 

Meadow, 166 

Chipanodonic acid, 80 
Coca, 161, 162 
Cocaine, 162 
Cochlear ia^ 109 

Armoraeia, 149 

Cocoa, 81 

plant, 166 

Coconut, 53, 80, 83, 127, 135 

oil, 81 

Cocos, 81 

nucifera, 80, 127, 135 

Codeine, 164 
Co-enzjrme, 21 

Ooffiea araMca, 59, 60, 81, 160, 165 
Coffee bean, 59, 60, 81, 160, 165 
CoUi ammvmta, 165, 166 


Cole, 9, 43, 122 
Collodion diaiyser, 123 
Colloidal state, 4, 10 

precipitation of, 15, 16 

Columbine, 98, 100, 146, 147 
Colza, 80 

oil, 81 

Combes, 105, 115 
Combretaceae, 160 
Compositae, 58, 81, 108, 145, 150 
Conglutin, 126, 133 
Coniferae, 53, 60, 1B6, 143, 151 
Coniferin, 67, 88, 143, 161 
Conifers, 2, 28 

Coniferyl alcohol, 88, 143, 151 
Coniine, 159 
Conium maculatum, 159 
Continuous phase, 11, 14 
Convolvulaceae, 145 
Corchorus, 67 
Cork, 69 

Cornflower, 98, 100, 101, 102, 104, lOf) 
Corydaline, 164 
Gorydalis cava, 164 
Corylin, 126 

Corylus Avellana, 80, 126 

— - var. rubra, 100 

Cotton plant, 53, 65, 81 

seed, 127, 135, 156 

oil, 81 

Cotyledon Umbilicus, 74 
Coumarin, 150 
Courtauld, 24, 25 
Cow Parsnip, 82 
Cow Pea, 126 
Cradein, 139 
Cranberry, 88, 102 
Crassulaceae, 108 
Crataegus, 108 

Oxyacantha., 95, 96, I4(h 155 

Cresol, 68, 113 

Oruciferae, 80, 108, 136, 145, 149 
Cucumber, 188, 139 
Cmumis Melo, 138 
— — sativus, 138 
Cucurbita, 186, 187 

maxima, 127 

• — Pepo, 81, 166 
Cucurbitaceae, 81, 150 
Curarine, 163 
Currants, 63 

— Black, 146 

Bed, 146 

Ouskhygrine, 161 
Cutin, 65 

Cuto-celluloseE, 65, 69 
Cyanidin, 101, 102, 105, 144 
Cyanin, 102, 144 
Cynips, 91 
Cystine, 121, 123 
Cytase, 20 
Cytisine, 162 
Cytism Jjabumum, 162 
Czapek, 9, 67, 68, 77 
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Dahlia, 58, 75, V«o 
Dahlia variahilis, 58, 10-, 118, 158 
Daish, 55, 70, 71, 72 75 7b, 77 
Dandelion, 58, bO, 9o, lOs 
Date-palm, 59, GO * 

Datura, 155 

Stramonium, IGl 

Daucus Carota, G5, i:i8, 155, 

Davis, 42, 55, 70, 71, 72, 75, 7G, 77, 7H 
Dead Nettle, 108 
Deadly Nightshade, 1(>1 
Dean, 138, 140 

Delphinidin, 101, 102, IOd, 144 
Delphinin, 102, 144 
Delphinium, 100, 144 

— conHolida, 97, 102 

Dextrin, 41, 50, 57, ()9, 70, 73 
trusts for. 5H 


Dhurriii, 143, 148 
Dialysis, 10, 13 
Diastase, 20, 56, 57, G9, 73 
Pigallic acid, 92 
Digitaligenin, 144 
Digitalin, 144 
Digitalis, 144 
Digitalose, 144 
Dipsacus, 113 
Disaccharides, 41, 61 
Dispersed phase, 11, 14 
Dobson, 71, 76, 78 
Dock, 95 

Dog’s Mercury, 113 

annual, 155 

perennial, 155 

Dunstan, 153 

Dver’s Greenweed (Broom), 96 
— Weld (liocket), 94, 96 


Edestin, 125, 126, 128, 1S4 

of Barley, 131 

Elaeis gtdnensw, 80, HI 
Elaidic acid, 79 
Elder, 28, 68, 95, IS7, 146 
Ellagic fujid, 90 

Emulsin, 20, 88, 142, 146, 147, 151, 152 

Emulsions, 11, 12 

Emulsoids, 11 

Enolicform, 72 

Enzymes, 7, 17 

classification of, 19, 20 

hydrolysis by, 8, 17 

synthesis by, 8, 19 

Erepsin, 20, 137 
Ergothioneine, 157 
Erica cinerea, 94 
Ericaceae, 88, 144, 151 
Eruoic acid, 79 
Ervum Lens, 124, 126, 13S 
Erythrina Hypaphorm^ 157 
Brythrodextrin, 57 
Erythroxylaceae, 162 
Erytfwoxyl^n. OocUf 161, 162 
Esbach’s solution, 124 
Essential oils, 2 



Ethylene series, 82 
Eucalyptus, 91 
Euler, 24 
Euphorbia, 62 
Eupliorbiaeeae, HO, 145 
hiverest, 98, 105, 115, 116 
Ewart, 115 
Excelsin, 126, 135 

Fagus sylvatica, 156 

_ — - var. purpurea, 100 

Eats, 1, 79 

tests for, 81 
Fatty acids, 79 

— — syntlieBiH of, Ho 

Eehling’s tost, 49 
Fenugreek, 166, 160 
Ferric hydroxide sol, 12 
Fibrin, 139 

carmine, 140 

Fichtenholz, 151, 153 
Ficus, 139 
Fig, 139 
Fischer, 92, 115 
Fisetin, 97, 105 
Flavone pigments, 87, 93, 104 
Klavonol pigrnentsr 87, 93, 104 
Flax, 62, 67, 80, 125, 127, 147, 148 
Flo-^ering Currant, 93 
Forget-me-not, 108 
Formaldehyde, 26,27, 86, 38 
Fraxetin, 144 
Fraxin, 144 
Fraainus, 144 
. excelsior, HI 

Frendenberg, 92, 115 
Fructomannans, 59, 69 
Fructose (see Ijaevulose) 

Fumariac<jae, 164 
Fungi, 20, 113, 155, 157 
Fuyikia sinmsu, 74 
Furfural, 44, 67 
~~ — pbloroglucide, 55, 64 

Oaillardia, 101 

Galactans, 41, 49, 60, 61, 69 

Galactoaraban, 60, 69 

Galiwjtomannan, 59, 60, 69 

Galactose, 41, 47, 49, 50, 60, 61, 62, 63, 144 

Galaotoxylan, 60, 69 

Ualanthus, 55 

nivalis, 70, 95 
QaUopsU, S3 

Tetrahit, 32 

Gallic acid, $9, 90 
Gall-nuts, 89 
Gallotannio acid, 92 
Galls, 91 
» — Oak, 92 
Garden Cress, 80 
Gmdthmia, 144 
Ganltherin, 144 
Gelatine, IB 
Gels, 13, m 
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Genuta tinctoria, 96 

Gliadin, 118, 127, 130 

Globulins, 118, 124 

Glucomaunans, 59, 69 

Glucose, 41, 46, 46, 56, 62, 70, 73, 142 

a and p, 48 

tests for, 48 

Glucosides, 48, 72, 87, 91, 142 

a and jS, 48, 143 

coumarin, 150 

cyanophoric, 145 

mustard-oil, 149 

Glucotropaeolin, 144 
Glutamine, 136 
Glutaminio acid, 120, 136 
Glutelins, 118, 127, 130 
Gluten, 131 
Glutenin, 130 
Glyceria aquatica, 146 
Glycerol, 79, 82, 83 
Glycine, 120, 156 
Glycine Jiiapida, 126 
Glycinin, 126 
Glycogen, 21 
Glycogenase, 21, 24 
Glyoxylic reaction, 122 
Gold sol, 12, 16 
Goodeniaceae, 58 

Gooseberry, 63, 65, 146 ,, 

Goosefoot, 136 

Stinking, 155 

Gosney, 86 

Gossypium, 53, 81, 144 

herbaceum, 65, 81, 127, 135, 156 

Gout weed, 95 
Graham, 13 

Graminaceae, 80, 130, 145, 150 
Grape, 102 

— — sugar (see Glucose) 

Great Millet, 148 
Greengage, 112 
Greshoff, 145, 153 
Guaiacol, 68 
Guaiaconic acid, 107 
Guaiacum gum, 107 
Guaiacum officinale, 107 

sanctum, 107 

Guanine, 166 
Guignard, 149, 153 
Gulose, 46 

Gum Arabic, 12, 43, 53, 61 
Gum Tragacantb, 61 
Gums, 41, 49, 60 
Gun-cotton, 66 
Guttiferae, 150 

Haas, 9 

Harden, 22, 23, 24, 25 
Harris, 134, 141 
Hatschek, 16 

Hawthorn, 95, 96, 108, 146, 155 
Haynes, 63, 78 
Hazel, 80 
-nut, 126 


Hazel, red-leaved, lOO 
Hedge Woundwort, 32 
Helianthus, 60, 75, 136 

annuus, 55, 74, 81, 127, 165, 

156 

tuberosus, 58, 59, 74, 136, 156 

Helleborus niger, 108 
Hemerocallis fulva, 74 
Hemi-cellulose, 60, 69 
Hemlock, 159 

Hemp, 67, 80, 125, 126, 156, 160 

seed, 134, 139 

Hemp-nettle, 32 
Henbane, 155, 162 
Henry, 24, 25, 153, 167 
Heracleum, 33 

Sphondyliurn, 32 

Hesperidin, 144 
Hesperitin, 144 
Hexoses, 41, 46 
Hill, 9 

Histidine, 121, 137 

trimetliy], 157 

Hollyhock, 62, 102 
Hop, 74 
Hopkins, 122 
Hordein, 127, 131 
Hordenine, 156 

Hordeum vulgare, 57, 74, 113, 124, 127, 131, 
166 

Horse Chestnut, 92, 93, 112, 136, 150 

Horse-radish, 109, 110, 149 

Horsfall, 96, 116 

Horton, 145, 153 

Hummel, 96, 97, 116 

Hamulus Lupulus, 74 

Hyacinth, 138, 139 

Hyacinthus, 55, 58 

orientalis, 138 

Hydrastine, 164 
Hydrastis canadensis, f64 
Hydrocharis Morsus-ranae, 74 
Hydroq.uinone, 87, 88, 144, 151 
Hygrine, 161 

Hynienophyllum demissum, 74 
Hyoscyamine, 162 
flyoscycmus muticus, 155, 162 

niger, 162 

Hypaphorine, 157 
Hypoxanthine, 166 

Idaein, 102 
Idose, 46 

Ilex paraguensis, 165 
Iminazole, 169, 164 
Indican, 115, 144, 162 
Indigo, 113, 115, 162 

plants, 152 

Indigofera, 113, 144 

Anil, 152 

erecta, 152 

sumatrana, 152 

Unctoria, 152 



Indol, 68 
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Indoxyl, 115, 144, 152 
Inulase, 20, 58 
Inulin, 41, 50, 68 

tests for, 59 

Invertase, 20, 21, 24, 50, 76 
Invert sugar, 50 
Iris, 55, 58 
Irvine, 71, 76, 78 
Isatis tinctoria, 113, 152 
Isoehlorophyllins, 30 
Isoleucine, 120, 136 
Isolinolenic acid, 80 
Iso-oleic acid, 79 
Isoquercitrin, 144 
Isoquinoline, 159 
Isothiocyanate, acrinyl, 144 

allyl, 144, 149 

benzyl, 144 

p-hydroxybenzyl, 149 

Jacobinia, 113 
Japanese lacquer, 113 
Jasminum, 143 * 

Jerusalem Artichoke, 58 
Jorgensen, 27, 36, 40 
Juglandaceae, 80 
Juglans cinerea, 126 

nigra, 126 

regia, 80, 92, 126 

Juglansin, 126 
Jute, 67 

Kaempferol, 97, 105, 144 
Kastle, 76, 78 
Keeble, 115 
Keracyanin, 302 
Kidd, 27, 36, 40 

Kidney Bean, 60, 124, 126, 133, 134, 136, 
160 

Kishida, 93, 116 
Kola nut, 165, 166 

Labiatae, 108 
Laburnum, 162 
Laccases, 112 
7 -Lactone, 47 
Laevulose, 41, 60, 68, 70 

tests for, 51 

Lamium album, 108 
Larch, 92 
Larix europaea, 92 
Larkspur, 97, 100, 102 
Latex, 11 

Lathyrus odoratm, 74 

pratemis, 74 

Laudanosine, 164 
Laurie acid, 79, 80 
Laurocerasin (see Prulaurasin) 

Leathes, 86 

Lecythidaceae, 81, 83, 150 

Legumelin, 124, 134 

Legumin, 125, 126, 133 

Leguminosae, 69, 74, 125, 183, 146, 150 


Lemon, 2 

Lentil, 124, 126, 133, 134 
Lepidium, 144 

sativum, 80 

Leucine, 120, 136 
Leucosin, 23, 124, 130 
Lignin, 65, 67, 68 
Ligno-celluloses, 65, 67 
Lignon (see Lignin) 

Ligustrum, 143 
- Lilac, 65, 95 
Liliaceae, 150 
Lilium bulbtferum, 60 

candidum, 60, 95 

Martagon, 60 

Lily, 60 

White, 95 

Lima-bean, 126 
Limonene, 2 
Linaceae, 80, 145 
Linamarin, 143, 148 
Ling, 94, 96 
Linolenic acid, 80 
Linolic acid, 80 
Linseed, 62, 81, 125, 135 
Linurri, 62, 143, 148 
perenne, 147 

— y- usitatissimum, 67, 80, 81, 125, 127, 
135 

Lipase, 20, 84 
Lobeliaceae, 58 
Loganiaceae, 150 
Lotase, 148 
Lotoflavin, 144, 148 
Lotus, 144 

ardbicus, 148 

corniculatus, 74, 146, 147 

uUginosus, 146 

Lotusiu, 144, 148 
Lubrzynska, 86 
Lucerne, 65 

Lupin, 60, 126, 133, 136, 138, 139, 166, 162, 
166 

Lupinine, 162 

Lupinm, 60, 74, 126, 136, 137 

alhus, 137 

hirsutus, 138 

luteus, 133, 137, 162, 166 

niger, 162 

Luteolin, 96, 106 
Lycium harharum, 156 
Lyc^ersicum esculentum, 138 
Lysine, 121, 137 
Lyxose, 43 

Mackenzie, 77 

Magnoliaoeae, 160 

Maize, 80, 126, 127, 132, 138, 139 

cobs, 63 

Mallison, 116, 117 
Mallow, 102 
Malt, 76 

Maltase, 19, 20, 21, 22, 41, 75 . 

Maltose, 19, 51, 56, 57, 69, 70, 73, 75 
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Maltose, testa for, 52 
Malva, 144 ' 

sylvesiris, 102 

Malvaceae, 81 
Malvidin, 102, 144 
Malvin, 102, 144 

Mandelonitrile glucoside (see Prunasin) 

Mandragora, 162 

Mandrake, 162 

Mangold, 70, 71, 72, 75 

Mangrove, 91 

Mannans, 41, 50, 69, 69 

Mannocelluloses, 59 

Mannose, 41, 46, 60, 69, 62, 144 

Martin, 117 

Matthiola, 95, 108 

Maxwell, 60, 78 

Maysin, 126 

Meadow-Bue, 146 

-Sage, 156 

-Sweet, 88, 152 

Medicago sativa, 66 
Mekocyanin, 102 
Melon, 138, 139 
Mendel, 128, 140 
Menispermaceae, 164 
Menthol, 2 
Mercerised cotton, 66 
Mercunalis annua ^ 113, 165 

perennis, 113, 155 

Metaproteins, 118, 127 

reactions of, 128 

Methylamine, 156 
Methylene blue, 23 
Methyl salicylate, 144 
Mieg, 117 
Mignonette, 96 
Milk, 11 
Miller, 86 

Millon’s reaction, 122 
Mirande, 146, 153 
Mistletoe, 62 
Molisch’s reaction, 123 
Monocotyledons, 65, 68, 70 
Monosaccharides, 41, 42 
Moore, 115 
Moore’s test, 48 
Moraceae, 80 
Morphine, 164 
Morris, 70, 73, 74, 77 
Mountain Ash, 146, 155 
Mucio acid, 49, 60, 62, 63 
Mucilages, 41, 49, 50, 60, 62, 65 
Miua sapientumi 188 
Mu$car%^ 58 

Mustard, Black, 80, 149 

White, 80, 127, 149 

seed, 135, 138 

MyoBotis, 108 
Myricay 144 
Myrioetin, 97, 106, 144 
Myxicitrin, 144 
Myristio acid, T9, 80 
Myiosin, 20, 142, 149 


Myrtaceae, 145, 150 
Myrtillidin, 102, 103 
Myrtillin, 102 

Nagai, 93, 116 

a-Naphthol tests, 44, 68, 109 
Narceine, 164 
Narcissus y 95, 96, 106 

incomparabiliSi 96 

poeticm, 95 

Tazetta, 96 

Narcotine, 164 
Narigenin, 144 
Naringin, 144 

Nasturtium, 55,f60, 75, 101, 138 

Garden, 70, 72, 136 

Nepenthes, 139 
Nettle, 28 
Neville, 62, 78 
Newbury, 116 
Nicotiana, 155 

Tahacum, 156’) 159 

Nicotine, 169, 160 
Nolan, 117 
Norris, 23, 25 
Nucleic acid, 127 
Nncleoproteins, 118, 127, 166 
Nux Vomica, 163 

Oak, 91, 93, 96 

wood, 67, 92 

Oat, 125, 126, 156, 160 
Oenidin, 102, 103, 144 
Oenin, 102, 144 
Oil Palm, 80 
Olea europaea, 81 
Oleaceae, 81, 145, 150 
Oleic acid, 79, 80 
Olive, 81 

oil, 81 

Onion, 59, 96, 97, 108 
Onslow, 110, 111, 115 
Opium, 164 

Poppy, 80, 164 

Orache, 100 
Orange Tree, 161 
Orchid, 89, 113, 152 
Orchidaceae, 60 
Orchis Morio, 62 
Orcinol, 68 

test for pentoses, 44 

Ormerod, 86 
Oryza sativa, 127 

C! imTi AO 

Osbome/lBO, 131, 132, 184, 185, 140 
Osmic acid, 81 
Ostwald, 18 

Oxidases, 107, 108, 151, 152 
Oxidizing enzymes, 8, 107 
Oxybenzoic acid, 144 
Oxyproline, 157 

Paeonia, 60, 85, 144 
oficinalis, 93 , 99 , 1 (^, 103 
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Paeony, 60, 9B, 99, 10^2, lOB 
Palladin, 9, 114, 115 
Palm, 59, 60 
— — oil, 81 
Palmaceae, €9 
Paloflitic acid, 79, 80 
Pansy, 96, 102 
Papain, 139 
JPapcvar orientate, 113 
— — Rhoeas, 102 

wraniJeniM, 80, 164 

Papaveraceae, 80, 157, 164 
Papaverine, 164 
Papaw Tree, 139 
Parkin, 60, 70, 78 
Parsley, 95 
Passifloraceae, 14f5 
Rawllinia Ctipana, 165 
Pea, 57, 60, 72, 74, 75, lOR, 122, 121 
125, 126, 133, 134, 136, 188, 139, 15^ 
160 

Peach, 80, 126, 145 
Pea-nut, 127 

Pear, 107, 110, 111,112, 151 
Pectase, 20, 6xj 
Pectic BubatanceB, 41, 63, 69 
Pectin, 63, 04 
Pectinase, 20 
Pectinogen, 63, 64 
Pectocellnlosefl, 65, 69 
Pelargonidin, 101, 102, 105, 144 
Pelargonin, 102, 103, 144 
Pelargonium, 144 

zonule, 93, 102, 103, 138 

Pelletierine, 162 

Pentosans, 42, 68, 54, 55, 61, 67, 69, 70 

Pentoses, 41, 42, 54, 55, 63, 64, 70 

Peonidin, 102, 144 

Peonin, 102, 144 

Pepper, 160 

Peppermint, 2 

Pepsin, 20, 128, 137 

Peptones, 1 18, 119, 128, 129, 137 

PerMn, 95, 96, 97, 115, 116 

Peroxidase, 20, 21, 22, 107, 108, 109 

inhibitor, 2S 

Peroxides, 108 
Petunia uialacea, 162 
Petnnidin, 102 
Petunin, 102 
Phaeophorbides, 34 
Phaeophytin, 31, 37, 38 
Phajm, I IS, 152 
Phaselin, 124, 184 
Phaseolin, 126, 13S 
Phaseolnnatin, 148 
Phaseolvs, 60, 1S6, 14S 

Unatm, 126, 148 

multi^orus, 74, 158, 130 

vctdiatm, 126 

mlgari$, 124, 126, 188, 184, 187, 

160 

Phenol, 68 
Phemolfl, 87 


Phenylalanine, 121, 122, 137 
jj-Phenylenediamine (test for peroxidase), 

Philip, 16 
Phipps, 97, 116 
Phloretin, 144 
Phloridzin, 144 
Phloroglucin, 7, 68, 88 

(test for pentoses), 44 

Phlox, 95 
Phoenix, 60 
Phosphatides, 165 
Phosphotungstio acid, 124, 168 
Phyllins, 30 

Phytelephm rnacrocarpa, 60 
Phytochlorins, 31 
Phytol, 80, 38, 38 
Phytolacca, ICO 
Phytolaocaceae, 100 
Phytorhodins, 31 
Picea cxceka, 136 . 

Pieramic acid, 146 
Pine-apple, 139 
Piuene, 2 
Pink, 95 

Pinm sylveatrU, 186 
Piper nifirum, 160 
Piperaooa<3, 150 
Piperidine, 161 
Piperine, 160 
Pimm, 60, 122, 186, 187 

mtivun, 57, 72, 74, 75, lOB, 124, 

126, 183, 184, 138, 189, 156, 160 
Pitcher-plant, 139 
PittOBporaceae, 150 
Plantayo, 144 

lanceolata, 95 
Plastid pigments, 39, 101 
ITimmer, 9 

Plum, BU BO, 107, 126, 145 
Polarisation, 47 
Polemoniaoeae, 150 
Polygalaceae, 150 
Polygonum, 144 

— — • timtorium, 152 

Pelypeptides, IIB 
Pclysaocharides, 41 , 58 
Pomegranate Tree, 162 
Poplar, 95, 152 
Poppy, 102 
Populin, 148 

Pivpulm, 74, 95, 148, 152 
Porphyrins, $2 
Ptrriulaca, 100 
Portnlamoeae, lOO 
Fotansiom hydrogen sulphate, 144 
Potato, 70, 75, 110, 111, 112, 118, 114, 126, 
186 , 1S7, 156, 160 
Fdeatley, 86 , 40 
Primnlaooae, 150 
Pmkmittf, 118,127. ISO 
Fralim, 121, m, 157 
Proteacme, 150 
Froteait», 2S, 187 
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' ' JLXO 

tests for, 122 
Proteoses, 118, 12 b 

gralaiirasin, 144, He 
^runase, 145 
Prunasin, 144, 145 

97, 143, 144, 145 

61, 80, 126 145 

drmeniaca, 126 ' 

m SO, 102 

domes tica, 61, 80, 126 I45 

146, 146 

Fadus, 45, 61 

. Persica, 80, 126 145 
Prassicacid, 24. 143, I44 I45 
Pumca Granatum, 162 ’ 

Punicaceae, 162 
Pumpim, 81, 166 
P^ii'ine, 159, 164 

bases, 127, 154, 164 

Purpurogallin, no * 
rntrescine, 155 
Pyridine, 159 
Pyrimidine, I59, 164 
Pyrogallol, 68, 109, 110 

151 

Pyrrole, 159, 161 
Pyrrolidine, 155, 161 
143 

Aucuparia, 145, I55 
communis, 15i 

145 

Pyruvic acid, 86 

Quercetin, 96, 105, 106 144 
Quercitrin, 144 
Quercus, 91, 96, 144 

T'r 93 

Qumme, 158, 162 
Quinoline, 159, 162 

Padish, 127 
Baffinose, 41 

^phanus sativus, 127 
Baspberry, 65 
Bed Seaweeds, 49 
Beduotase, 20, 21, 23 
Beed Poa, 146 
Beeves, 141 
Reseda luteola, 94, 96 
Beserve celluloses, 65 

BesorcinS,^^^g7’ 

Bespiration, 5, 71, 114 


pigments, n4 

Beynolds Green, 84, 86 
Bhamnaceae, 145, 150 
Biiamnose, 96, 144 
Rhamnus, 96 

n;T , ' di'rmigula, 146 
R^n^ophora, 91 

Bbodopliyceae, 13, 49 
Bhnbarb, 63 
91, 97 

~~ Goriaria, 92 
Ootinus, 93 
vernicifera, II3 
•/u5<?« Grossularia, 146 

nigrum, 146 

“*■ — • ruhrum, 146 
^anguineum, 93 
Bibose, 43 

Bib wort Plantain, 95 
Bice, 127 
Kiein, 124, 13,5 
Bicinoleic acid, 80 
Micinui, 81, 83, 85, 133 

iii'i8r’'‘“”‘*’ 124, 

^bertson, 71, 76, 78 
Rohtnia, 144 
Bobinin, 144 
Rosa, 144 

gallica, 102, 104 

BI SS'S?' 

Bosemary, 2 

Bubiaceae, 60 87 ni> , 
obtu,i/oliui,^ss’ 

Ruscus, 59 

Russula nigricans, 113 
Bw^a, 144 

Bye. 124, 127, 182 

a^^^haromyceg, 20 
at Ignatius^ Bean, 163 

Sa igenin, 88, 143 148 Tito 
Sahx, 88, 143, 152 
MalkoTOki, 53, 78 

156 

oambucus, 137, 14^ 

^aponaHa, 150 

Saponification, 82 


INDEX 
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Schenckia hlumenaviana, 113 
Schryver, 38, 39, 40, 63, 78 
Schulze, 60, 78 
Schweizer’s reagent, 66 
Scilla, 58, 62, 70 
Scopoiia japonica^ 161 
Scorzonera, 143 

Impanicaf 156, 160 

Scotch Fir, 136 

Secale cereale, 124, 127, 132 

Seliwanoff’s test, 51 

Serine, 120 

Shibata, 93, 116 

Silicic acid, 13 

Silver Fir, 136 

Silver sol, 12, 16 

Sinalbin, 144, 149 

Sinapin acid sulphate, 144, 149 

Sinapis alba, 80, 149 

nigra, 80 

Sinigrin, 142, 144, 149 
Skatol, 68 
Smedley, 86 
Snapdragon, 95, 96, 99 
Snowdrop, 55, 70, 95 
Soap, 11, 12, 16, 82, 83 

tests for, 83 

wort, 150 

Sodium picrate test, 146 
Solanaceae, 157, 161 
Solarium, 75 

tuberosum, 70, 113, 126 

Sorghum, 143 

vulgare, 148 

Soy-bean, 126, 156 

Spanish (Sweet) Chestnut, 91, 92, 93, 126 

Sparteine, 162 

Spartium scopariuni, 162 

Spatzier, 149, 153 

Spinach, 138 

Spinacia, 138 

Spiraea, 144 

Ulniaria, 88, 152 

Spruce Fir, 136 
Squash, 127 
Stachydrine, 157, 161 
Stachys sylvatica, 32 

tuberifera, 160, 161 

Starch, 12, 16, 66, 69 

soluble, 56, 74 

tests for, 56 

Stearic acid, 79 
Steiger, 60, 78 
Sterculiaceae, 81 
Stereoisomerism, 43, 46, 143 
Stiles, 27, 40 
Stock, 95, 108 
Stoll, 27, 40, 110, 117 
Straw, 45, 53, 54, 68 
Strawberry, 63, 65 
Strophanthidin, 144 
Strophanthin, 144 
Strophanthw, 144, 166 
hispidus, 160 


Strychnine, 163 
Strychnos Ignatii, 163 

Nux-vomica, 163 

toxifera, 163 

Substrate, 18 
Sucrose, 41, 52, 70, 76 

tests for, 52 

Sulphur reaction (for proteins), 123 
Sumac, 91, 92, 97 

Sunflower, 55, 75, 81, 127, 135, 136, 156 

Suspensions, 11, 12 

Suspensoids, 11 

Sweet Flag, 155 

Sycamore, 166 

Synthesis by condensation, 3 

of aromatics, 6 

of carbohydrates, 5, 26 

of fats, 6, 85 

of proteins, 6, 119 

Syringa, 143 

vulgaris, 65, 74, 95 

Syringenin, 143 
Syringiu, 143 

Talose, 47 

Tannic acid, 75, 92, 123, 158 
Tannin, 73, 74, 89, 90, 111 

reactions of, 91 

Taraxacum, 60 

officinale, 58, 95, 108 

Tautomerism, 48 
Taylor, 16 
Tea, 89, 92, 165 

plant, 165, 166 

Teasel, 113 
Terpenes, 2 

Thalictrum aquilegifolium, 146 
Thea, 144 

sinensis, 165, 166 

Thebaine, 164 
Theine (see Caffeine) 

Theohroma Cacao, 81, 166 
Theobromine, 166 
Thorn Apple, 155, 161 
Thyme, 2 

Thymelaeaceae, 150 
Thymol, 68 
Tiglicacid, 79 
Tiliaceae, 145 
Tobacco, 155, 156, 159 
Tomato, 138 
Tragacanth, 61 
Trier, 167 
Trifolium, 59, 137 

-- — ochroleucum, 74 

pratense, 65, 74, 75, 166 

repens, 166 

Trigonella Foenum-graecum, 156, 160 
Trigonelline, 157, 160 
Trimethylamine, 155 
Trisaccharides, 41 
Tristearin, 82 
Triticum, 113 

vulgare, 124, 127, 130, 139 
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Trommer’s test, 49 
Tropacocaine, 162 
Tropaeolum, 60, 75, 136, 137, 144 

majus, 55, 70, 72, 74, 101, 

138 

Tropane, 159, 161 
Trypsin, 139 

Tryptophane, 23, 121, 122, 137, 138 

trimethyl, 157 

Tuberin, 126 
• Tulip, 138, 139 
Tulipa, 138 

Turnip, 63, 65, 75, 136, 137, 138 
Tyrosinase, 113, 114 
Tyrosine, 113, 121, 122, 137 

Ultramicroseope, 14 
Umbelliferae, 60, 108 
XJrtica, 28 
Urticaceae, 145 
Usher, 36, 40 

Vaccinium, 151 

Myrtillus, 102 

Vitis-Idaea, 88, 102 

Valine, 120, 136 
Van Eijn, 153 
Vanilla planifolia, 89 
Vanillin, 67, 89 
Vegetable ivory, 60 

marrow, 136 

Vernon, 24 

Vetch, 124, 126, 133, 134, 136, 148 

common, 146, 166 

hairy, 146 

Vida, 136, 137, 144 

angusti folia, 148 

Faba, 124, 126^ 133, 138, 139, 156 

hirsuta, 74, 146 

sativa, 74, 124, 126, 133, 136, 137. 

146, 166 , 

Vicianin, 144, 148 
Vicianose, 144, 148 
Vicilin, 126, 133 
Vigna sinemis, 126 
Vignin, 126 . 

Vine, 70 

Vines, 138, 139, 141 
Viola, 108 

odorata, 55, 95, 99 




Viola tricolor, 96, 102 
Violaceae, 58 
Violanin, 102 
Violet. 55, 95, 99, 108 
Virginian Creeper, 102 
Viscuvi album, 62 
Vitis, 144 

vinifera, 70, 102 

Voorhees, 130, 141 

Waage, 88, 116 

Wallflower, 96, 97, 99, 100, 101, 107, 108 
Walnut, 53, 80, 92, 126 

American, 126 

Walther, 113, 116 
Water Eanuneulus, 136 
Wax, 69 
Weil, 117 

Wheat, 56, 113, 124, 127, 130, 139, 156 

Wheldale, 94, 95, 96, 98, 104, 115, 116 

Whitley, 115 

Wig Tree, 93 

Wilkinson, 97, 116 

Willow, 48, 88, 152 

Willstatter, 27, 40, 98, 101, 102, 106, 110, 
116,117 
Wine, 89 

Winterstein, 153, 167 
Woad, 113, 152 
Wohlgemuth, 24 
Wood Grum, 53 

Xanthine, 165 
Xanthone, 87 

Xanthophyll, 27, 28, 29, 39 

Xanthoproteic reaction, 122 

Xylan, 45, 58, 54, 55, 60, 67 

Xylonic acid, 45, 54 

Xylose, 41, 43, 46, 53, 54, 60, 61, 62, 63 

Yeast, 20 

Zea Mays, 80, 126, 127, 132, 188 
Zechmeister, 102, 117 
2;em^,127, 132 
Zilva, 22, 23, 24, 25 
Zollinger, 117 
Zymase, 20, 21, 22 
Zymin, 21, 22 
Zymogen, 84 
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